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Environmental pollution is an outcome of the direct 
activities of man. In a quest of improving his standard of 
living, man has 'perhaps' forgotten the consequences of 
going against nature. But he is now realising and hence 
the feeble call back to nature is now gaining momentum. 
Human happiness is more important than the luxuries 
provided by the modern civilisation. 
Millions of tonnes of toxic and objectionable 
material is daily being disposed of in the environment as 
a result of industrial effluents being literally dumped in 
the atmosphere, soil and water. 
Water pollution due to toxic heavy metals has been 
a major cause of concern t6 Engineers and Scientists. 
Several mishaps due to heavy metal contamination in 
aquatic environment increased the awareness about heavy 
metal toxicity. Among these, Minameta tragedy in Japan 
due to mercury poisoning (1953-1960) and Itai Itai' 
disease in Japan due to Cadmium Toxicity (1947) are well 
known. 
Attention has been paid to the development of 
methods for many years for the removal of heavy metals 
from waste solutions arising from industrial operations, 
particularly in the treatment of mine drainage waters 
spent solutions or effluents from extractive metallurgy 
processes/electroplating plants and other metal treatment 
or finishing operations. Conventional methods of heavy 
metal treatment in general perform satisfactorily to meet 
direct discharge requirements. The most common method for 
removal of heavy metals involves hydroxide precipitation^ 
on the basis of its performance and case of operation. 
Other available methods include evaporation ion exchange, 
adsorption, electrodialysis, electrolytic extraction, 
reverse osmosis, but many of them are used in special 
circumstances because of their relatively high cost. 
In recent years the adsorption technique for the 
removal and recovery of heavy metals from waste water has 
received a great deal of attention. Activated Carbon is 
the most common commercial adsorption medium and full 
scale processes based on this are in operation in Deve-
loped Countries. But, use of activated carbon is not 
suitable for Developed Countries like India,because of its 
high cost. It is therefore, felt after the exhaustive 
survey of literature on treatment technologies particu-
larly upon adsorption that there is a necessity for 
inexpensive alternatives like low cost adsorbents for the 
removal of heavy metals from waste water. The present 
work was therefore, undertaken with the following aims. 
To examine the potential use of different cheap and 
easily available materials such as pyrolusite, phosphate 
treated saw dust and wood ash as a medium for the removal 
and recovery of heavy metals from aqueous solutions and 
electroplating waste water. 
2+ 2+ 2+ 2 + 
To study the removal of Pb , Zn , Cd and Mg 
from aqueous solutions under kinetic and equilibrium 
conditions using pyrolusite as adsorbent and to determine 
the chemical stability of the pyrolusite in NaOH, H2S0^, 
HNO^, HCl and NaCl solutions of various concentrations. 
To investigate the metal ion adsorption character-
istics of saw dust with respect to the effect of phosphate 
pretreatment in order to achieve the removal of heavy 
2+ 2+ 2+ 
metals such as Cu , Ni , Zn & Cr(VI) from synthetic 
waste water and electroplating waste water. 
To accomplish the possible recovery of the pread-
sorbed heavy metals and their separation from each other. 
To examine the possible use of wood ash generated 
by burning of wood as a means of removing heavy metals 
from aqueous solution and electroplating waste water. And 
also to investigate the alkaline behaviour of wood ash. 
The work described in this thesis deals with the 
removal and recovery of heavy metals from aqueous solution 
and electroplating waste water using various low cost and 
easily available materials as adsorbents. 
This thesis comprises of five chapters:-
Chapter 1 is the introductory part giving a general idea 
regarding environmental pollution and nature and charac-
teristics of industrial effluents and other objectionable 
material in the environment and emphasises its control. It 
describes the environmental pollution and its classifica-
tion. It also details heavy metal pollution and its 
sources. Besides, it provides the information regarding 
the composition of electroplating waste water. The 
studies carried out on removal & recovery of heavy metals 
by applying various conventional methods have also been 
discussed in literature survey. 
Chapter 2 deals with the adsorption studies and the 
removal of dissolved metals using pyrolusite as adsorbent. 
The adsorption of metals from aqueous solutions 
n I 0-1- O-i. 0 J. 
containing Pb , Zn , Cd and Mg on naturally occuring 
pyrolusite have been studied by batch processes. Besides, 
the chemical stability of the pyrolusite has been deter-
mined in NaOH, H2S0^, HNO^, HCl, NaCl and NH^Cl solutions 
of various concentrations. However, adsorption of the 
2+ 7+ 9+ 
metal ions followed the order Pb > Zn > Cd . 
2 + The maximum adsorption of Pb (100 %) occured at 
pH-7. The relation between the amount of Pb adsorbed 
per unit weight of pyrolusite and the concentration of 
2 + 
Pb at equilibrium follow the Freundlich adsorption 
The efficiency of pyrolusite has been demonstrated 
2 + by removing Pb from synthetic waste water. 100 % and 96% 
2+ 
removal of Pb have been achieved from synthetic waste 
-1 -1 2+ 
water containing 5 mgL and 120 mg L of Pb respec-
tively at pH-7. The results of these studies suggest that 
pyrolusite might provide an economical method for the 
2+ 
removal of Pb from industrial waste water and parti-
cularly from electroplating waste water, because the 
natural ore of manganese (pyrolusite) is available in 
abundance and can be used directly without any pretreat-
ment. 
Chapter 3 describes the overall studies on removal and 
recovery of Cr(VI) from synthetic waste water as well as 
electroplating waste by phosphate treated saw dust. 
An adsorption experiment has been carried out to 
examine the adsorption capacity of phosphate treated saw-
dust for the removal of Cr(VI) from synthetic waste water 
and electroplating waste water under kinetic and equili-
brium conditions. Besides, the desorption of pre-adsorbed 
Cr(VI) was also investigated. 
Phosphate treated saw dust shows remarkable 
increase in sorption capacity of Cr(VI) as compared to 
untreated saw dust. The adsorption process is pH 
dependent. 100 % adsorption of Cr(VI) was observed in the 
pH range 1 . 5 - 2 for the initial Cr(VI) concentration of 
8-50 mg L""*" . The effect of various adsorbent doses at pH 
2 and 3 confirms Langmuir adsorption isotherm. However, 
Freundlich adsorption isotherm is not followed by the 
system. 100 % removal of Cr(VI) from synthetic waste 
water as well as from electroplating waste containing 50 
mg L""^  Cr(VI),was achieved by batch as well as by column 
operations. The adsorbed Cr(VI) on phosphate treated saw 
dust was recovered (87 %) using 0.01 M sodium hydroxide. 
This method can be best applied for treatment of 
electroplating waste containing higher concentrations of 
Cr(VI). 
Chapter 4 deals with the adsorption studies of metnl ions on 
phosphate treated saw dust; separation of Cr(VI) from 
2+ . 2+ 2 + 
Zn , Ni and Cu and their removal and recovery from 
electroplating waste. 
Phosphate treated saw-dust is found to exhibit 
remarkable adsorption capacity for Cr(VI), Cu^ "*", Ni^ "*^ and Zn^"*"-
The effect of initial concentration, pH and adsorbent 
doses were studied. The initial concentration of these 
ions have been chosen almost according to their amount 
present in electroplating waste water. The % adsorption 
of Cu , Zn and Ni was maximum in neutral media 
whereas maximum adsorption (100 %) of Cr(VI) is favoured 
at pH 1.5-2. The decrease in adsorption density and 
increase in % adsorption was noticed when adsorbent dose 
is increased from 0.2 gm to 3.0 gms. The Langmuir adsorp-
tion isotherm is followed by all the studied metal ions 
Gxccpt Cu . However, Freundlich adsorption isotherm is 
not followed by each of the systems. The separation of 
Cr(VI) from Cu^ "*", Ni and Zn "^  was achieved by column 
2+ 2+ 2+ 
operation and desorption of Cu , Ni and Zn was 
carried out with 0.01 M HCl. However, the removal and 
recovery of Zn , Ni and Cu and their separation from 
Cr(VI) was accomplished successfully using electroplating 
waste water. 
Chapter 5 describes the studies on removal of heavy metals 
from aqueous solution as well as effluents from electro-
plating Industry by wood ash. 
This work examines the potential use of wood ash 
(which is a solid waste produced in large quantity in 
India by burning of wood) as a means of removing heavy 
metals such as Cu , Ni , Zn and Cr(VI) from aqueous 
solution as well as electroplating waste water. Equili-
brium experiments were performed in order to evaluate the 
removal efficiency of wood ash. The studies were however, 
carried out at different concentrations, pH and doses of 
wood ash. Besides, alkaline behaviour of wood ash was 
also studied. 
The material (wood ash) demonstrates high removal 
efficiency (100 %) for Cu^"^, Ni^ "*" and Zn^ "^  from the 
a 
solution with the concentration ranging from 10-450 mg L 
for Cu^ "^ and upto 20 0 mg L"""" for both Ni "^  & Zn "*" without 
adjuRtmont of pH. Wood nsh oxhibits alknlinc properties 
in aqueous solution. It has been observed that sufficient 
amount of Co^"" (417 mg L"""- gm'-"-) and HCO^ (28 mg L~ gm' ) 
ions are released when it is treated with distilled water. 
^ ^ 2+ 
It is therefore, inferred that large quantities of Cu , 
Ni^"^ and Zn ions are removed either by the formation of 
their respective carbonates or more likely as metal 
hydroxides whereas their limiting value (limited to the 
solubility products of their hydroxides) is removed by 
adsorption on wood ash. It has also been observed that 
final pH of the solution decreases by increasing the 
concentration of metal ions or by reducing the wood ash 
dosage and this can be accounted for more and more 
hydroxide ions are removed from the solution in the form 
of metal hydroxides. However, removal of Cr(VI) remains 
insignificant even if the initial concentration i s 
increased from 5 mg L~ to as high as 500 mg L~ showing 
its inability to form insoluble carbonate or hydroxide in 
hexavalent state and therefore adsorption behaviour of 
Cr(VI) could not be studied in detail. 
The efficiency of wood ash has been demonstrated by 
removing Cu "^ , Ni "^  and Zn^ "^  completely from electroplat-
ing waste water. Apart from that, the material removes 
2 + 
Zn effectively, from highly acidic (0.85NHC1) synthetic 
This method can be applied by agitating the wood 
ash in solution followed by filtration. 
The method might be applicable to the effluents 
from electroplating industry. 
It is suggested that the method is environmentally 
preferable to other common effluent treatment procedures 
because this may offer an inexpensive alternative to 
advanced treatment plants. 
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CHAPTER - I 
GENERAL INTRODUCTION 
1.1 Introduction 
Pollution has been known from the dawn of human 
civilization. The cave man was perhaps aware of its dele-
terious effects, but was unaware of its causes and hence 
could not find the cure. Centuries later though the causes 
could be identified, finding a cure was made even more 
challenging. 
Today environmental pollution is an outcome of the 
direct activities of man. He has perhaps forgotten the 
consequences of going against nature in order to improve his 
standard of living. In a quest for 'civilization' man has 
forgotten the benefits of a 'rural' environment. Today it 
will perhaps be correct to say that man first creates pollu-
tion and then worries about removing it. 
The concept of environmental pollution is, however, 
not new (Train, 1976; Rachel, 1960). Even in the thirties 
Robert Frost described in his poem "New Hairpshire" the 
concern of the "environmentalist" and sounded a note of 
warning which is quite relevant even today. "How many times 
it thundered before "Franklin" took tne hint! How many 
apples fell on Newton's head before he took the hint! 
Nature is always hinting at us. It hints over and over 
again. And suddenly we take the hint". Indeed, man has 
started to look at the problem seriously only after the 
pollutants and poisons in air, earth and water piled upto 
the point where they posed a serious threat to human life. 
It is only now he is realising and hence the feeble call 
"back to nature" is now gaining momentum. Similarly many 
people feel that they should return to the lives of th^ir 
ancestors- perhaps in the present context impossible but, 
the only answer. Human happiness is more important than the 
luxuries provided by modern civilisation. 
Millions of tonnes of toxic and objectionable 
material is daily being disposed of in the environment as a 
result of industrial effluents being literally dumped in the 
atmosphere, soil and water; and which led to tragic circums-
tances like the one at Bhopal recently, oil slicks due to 
the gulf war and more recently near home when tankers trnas-
porting oil ran a ground. 
The danger to marine and aquatic life, forests etc. 
is as grave a danger to man as well as animals, as such 
factors will disturb the ecological balance. Apart from that 
acid rain and the green house effect are the latest examples 
that has caused a grave concern. 
However, the greater need of the day is to control 
the pollution rather than identifying it, and the control is 
only possible if the very source is identified. Analytical 
chemists have come a long way in this direction. A challeng-
ing task of characterisation and estimation of toxic 
material often at trace level in a very complex matrix may 
be accomplished only by the analytical chemist. Today 
organic as well as inorganic pollutants have perhaps, become 
more important as they are not only toxic but often carcino-
genic and affects physiological procesffis,in such a way that 
there are long run consequences, which are usually fatal. 
On the other hand it is very difficult to separate as well 
as to identify the complex mixtures like organics. However, 
recent developments in instrumentation had made this easier 
where HPLC (High performance liquid chromatography) is 
playing an exclusive and notable role as one of the most 
powerful methods of separation. The excellent examples are 
the separations of polycyclic aromatic hydrocarbons. Atomic 
absorption. X-ray fluorescence etc. are recent unique tools 
for inorganic analysis. 
However, for many years attention has been paid to 
the development of field methods as they have a wider appli-
cability and greater flexibility. Conventional methods of 
heavy metal treatment in general perform satisfactorily to 
meet direct discharge requirements. The most common method 
for removal of heavy metals involves hydroxide precipita-
tion on the basis of its performance and ease of operation. 
Other available methods include evaporation. Ion exchange. 
adsorption, electrodialysis, electrolytic extraction, 
reverse osmosis; but many of them are used in specia'l circu-
mstances because of their relatively high cost. 
In recent years the adsorption technique for the 
removal and recovery of heavy metals from industrial wastes 
has received a great deal of attention (Griffin et al.,1977; 
Huang and Wu, 1975; Yoshida et al., 1977; Gadde and laitinen 
1974; Kinniburgh et al., 1976; Benjamin and Leckie, 1981; 
Millward and Moore, 1982; Acki and Munemore, 1982; SLavek 
and Pickring, 1986; De and Sen, 1987 etc.), as the use of 
adsorbents will not only cut down costs but also increase 
its multidirectional - applications. 
1.2 Environmental Pollution 
Environmental pollution is defined as an undesirable 
changes in the physical, chemical or biological character-
istics of our air, water and land that may or will harmfully 
effect human life or that of our desirable species, our 
industrial processes, living conditions and cultural assets 
or that may or will waste or deteriorate our raw material 
resources(Vladimir et al., 1981). The word pollution has 
been taken from the Latin word pollutionen, meaning defile-
ment. Later on Oxford English Dictionary used the word 
pollute' with reference to physical contamination of aquatic 
environments in 19th century. In 2 0th century the word 
pollution was used with reference to contamination of water, 
soil and air. 
A pollutant is a substance the effect of which 
adversely alters the environment by changing the growth rate 
of species, interfere, with food chain, is toxic or inter-
feres with health, comfort, amenities or property values of 
people (Fredrick Werner, 1973). Generally a pollutant is 
introduced into the environment as sewage, waste, accidental 
discharge or as a by-product of manufacturing processes or 
other human activities. A polluting substance can be a 
solid, semisolid, liquid, gas or submolecular particle. The 
royal commission of environmental pollution in its fifth 
report has described that pollution occurs when, as a result 
of mans activities, enough of a substance is present in the 
environment to have harmful effects. Pollution includes the 
release into the environment of substances which harm the 
quality of air, water or soil; substances that upset the 
biological cycles linking man to animals, bacteria and 
plants, substances which damage the health of men, animals 
or plants. Pollutants such as noise and unpleasant odours 
which often irritate can also sometimes be a danger to 
health. 
Environmental pollution is not only linked with the 
industrial growth and other human activities, but also with 
the natural sources such as, weathering of minerals, 
errosion of virgin lands and forest including residues of 
natural vegetation. Human activities contribute impurities 
in the form of industrial and domestic wastes, agricultural 
chemicals and other less obvious contaminants. 
Our civilization faces a unique crisis in the form 
of environmental pollution. Therefore, it is more than high 
time that we have to tackle the problem of environmental 
pollution on an emergency basis. 
Classification of the environmental pollution: 
It is broadly classified into the following cate-
gories . 
1. VJater pollution 
2. Air pollution 
3. Soil pollution 
1. Water Pollution: 
Water pollution is the specific impairement of water 
quality by agricultural, domestic or industrial wastes 
(including thermal and atomic wastes) to a degree that has 
an adverse effect upon the beneficial use of water. 
Different kinds of water pollution: 
(i) Chemical pollution 
(ii) Biological pollution 
(iii) Physical pollution 
(i) Chemical Pollution : 
(a) Organic pollution: This kind of pollution is 
due to the presence of proteins, fats, carbohydrates and 
other organic substances found in sewage and trade 
wastes. Some industrial wastes contain poisonous organic 
compounds (such as phenols, Tar bases, cyanides and DDT) 
which not only rendering a river unable to undergo self 
purification, due to the killing of bacteria; but also can 
cause mortality amongst fish and other aquatic life even in 
very low concentrations. 
(b) Inorganic Pollution : Many industrial wastes 
contain corrosive inorganic acids or alkalies which can 
damage a stream by breaking down its natural buffer system 
and altering its normal pH value. Ammonia, free chlorine, 
hydrogen sulfide and salts of many heavy metals (e.g.; 
Copper, Zinc, Lead, Nickle and Chromium etc.) are the toxic 
inorganic substances, ( Table- 1.2 ) . Any appreciable 
amounts of these compounds may prevent or inhibit self 
purification of rivers and may prove toxic to fish and other 
aquatic life, whether animal or vegetable. The concentra-
tion of copper sulfate that will kill trout, perch and black 
bass are 0.14, 0.75 and 2.1 ppm respectively (Louis Klein, 
1957) . 
(ii) Biological Pollution : 
Biological pollution is often a secondary result of 
pollution by sewage. It includes pathogenic bacteria, 
certain fungi, algae, viruses, pathogenic protozoa, 
parasitic worms and any plants or animals which for some 
reason either multiply excessively in a stream or are other-
wise undesirable, harmful or injurious. 
The most widespread form of biological pollution is 
the contamination of water by pathogenic bacteria derived 
from sewage. 
(iii) Physical Pollution : 
Many industrial wastes, which are discharged into 
the water bodies have a pronounced colour. In most cases 
the colour is due to organic dyes, but there are some highly 
coloured substances of mineral origin e.g., compounds of 
iron & chromium. When two different trade wastes interact 
in a stream or when a trade effluent and substances present 
naturally in a stream interact. an intense colouration is 
produced. An example of this is the reaction between mine 
water and the natural bicarbonate alkalinity of a river to 
give an unsightly reddish brown opalescence. Moreover, a 
physical characteristic of sewage and of most industrial 
waste waters is their turbidity, which is caused by the 
presence of very finely divided suspended matter or 
colloidal matter. Apart from that the heated trade efflu-
ents from factories and mills and the large volumes of warm 
•cooling water' from electricity generating stations, which 
are discharged to rivers or canals may easily cause a 
temperature rise of several degrees. This can have a number 
of deleterious effects. 
2. Air Pollution: 
The addition of any substance that will alter to 
some degree the physical and chemical properties of clean 
air. Such a substance could be considered as an air 
pollutant. Five major types of substances known as primary 
pollutants, account for more than 90 percent of the air 
pollution problems. These are as under: 
i). Carbon monoxide (CO) 
ii). Nitrogen Oxides (NO ) or Oxides of Nitrogen 
(NO ) ^ 
X 
iii). Hydrocarbons (HC) 
iv). Sulphur Oxides (SO ) or Oxides of Sulphur(SO ) 
X X 
v). Particulates 
The air pollution originates from processes such as 
evaporation, chemical and nuclear reactions, resulting in 
high concentrations of the contaminants in air. The gaseous 
wastes from automobile exhausts and factories, chimneys as 
well as primitive forms of heating (e.g. burning coals, 
cowdung cakes) are the major sources of air pollution. 
(Copper and Rossano, 1974; Banerjea, D., 1976; Tomany, J.P., 
1974) . 
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Table 1.1 Concentrations of Gases Comprising Normal Dry Air, 
(Stem, 1968) 











Nitrogen Oxide 0-02 
Ozone 0.01 - 0.04 
Nitrous Oxide 0.5 
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3. Soil Pollution 
Land is said to be polluted when the quality of soil 
degenerates due to sewage, industrial waste, degradation of 
proteinaceous materials and chemicals used in our agricul-
tural practices. 
Wastes are disposed off on land in two forms, the 
solid wastes and the liquid wastes. The liquid wastes 
include, sewage, sewage effluents and industrial effluents. 
The disposal of these liquid wastes on land is done by two 
distinct methods. 
(i) Irrigation: Where in sewage or industrial waste 
waters are utilized in raising profitable crops while 
simultaneously affording satisfactory hygienic 
disposal. 
(ii) Infiltration: Infiltration of sewage or indus-
trial waste waters on land prepared for mere infil-
tration and disposal, without any profitable crop 
raising, such vegetation as may be permitted on the 
infiltration area should be only for the purpose of 
facilitating or increasing the rate of disposal by 
improving the conditions for the dissipation of 
sewage or industrial effluents by the action of roots 
and augmenting the rate of overall disposal per unit 
of area by evapotranspiration losses induced vegeta-
tion. 
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In the sewage and industrial effluents irrigation, 
the principal agent for both treatment and disposal is the 
natural soil which replaces the conventional treatment 
plants, utilises directly both the water content and 
manurial ingredients, and completes the task of disposal. 
The problem of maintenance of the fertility of soils 
is also important as agricultural lands represent the most 
important permanent national assets. It is for this reason 
that the question of any deterioration of soils likely to 
result from sewage or industrial waste irrigation, should 
receive the most important considerations. 
The harmful effects or infertility of sewage or 
industrial waste irrigated soils is due to any one or a 
combination of the following factors. 
(a) Difficulty of carrying out agricultural opera-
tions . 
(b) Anaerobic conditions in coil. 
(c) Restriction of root zone of plants. 
(d) Smothering of the crops by the flora of water-
logged lands. 
(e) Possibility of a high concentration of salts 
particularly sodium salts. 
Salts may retard adsorption of nutrients and water, 
may themselves be toxic, or lead to alkaline conditions. 
Anaerobic conditions also retard the bacteriological activity 
which is essential for nitrification. 
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Table 1.2 Toxic trace elements in natural waters and waste 
waters 
(De, 1989) 
Elements Sources Effects and significance 









mining waste, metal 
plating, water pipes 
Coal, nuclear power 
and space industries 




cally, causes high blood 
pressure, kidney damage, 
destruction of testicular 
tissue and red blood cells, 
toxicity to aquatic biota 
Acute and chronic toxicity, 
possibly carcinogenic 
Toxic to some plants 
Chromium Metal plating, cool-
ing tower water addi-
tive (chromate) 
normally found as 
Cr(VI) in polluted 
water 
RRBontinl trnco olomont; 








Metal plating, Indus- Essential trace element, 
trial and domestic not very toxic to animals, 
waste, mining, mineral toxic to plants and algae 
leaching at moderate levels 
Natural geological 
sources, industrial 





waste, acid mine 
drainage, microbial 
action on manganese 
minerals at low pE 
Prevents tooth decay at 
about 1 mg/1, causes 
mottled teeth and bone 
damage at about 5 mg/1 
Toxic (anaemia, kidney 
disease, nervous disorder), 
wildlife destroyed' 
Relatively non-toxic to 
animals, toxic to plants 
at higher levels, stains 
materials(both-room 
fixtures and clothing) 
14 
Mercury Industrial waste. Highly toxic 
mining, pesticides, 
coal 
Molybdenum Industrial waste. Possibly toxic to animals 
natural sources essential for plants 
Selenium Natural geological Essential at low levels 
sources, sulphur, but toxic at higher levels 
coal 
Zinc Industrial waste. Essential in many metallo-
metal plating, enzymes, toxic to plants 
plumbing at higher levels 
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1.3 Heavy Metal Pollution : 
Heavy metals are those having a density more than 5 
times higher than that of water. They are usually present 
in trace amounts in natural waters, but many of them are 
toxic even at very low concentrations. The problem arising 
from toxic metal pollution of the environment due to the 
increasing use of a wide variety of heavy metals in industry 
and in our daily life, have assumed serious dimensions. 
Enhanced levels of heavy metals in the aquatic 
environment cause concern because of: 
(i) Possibility of accumulation of these metals in 
the human body and building up with time to 
toxic levels. 
(ii) Bio-concentration/accumulation and magnifica-
tion by aquatic organisms. 
(iii) Chronic and sub-lethal effects to organisms at 
low concentrations. 
(iv) Possible intake through drinking water and 
aquatic food. 
(v) Carcinogenic and teratogenic possibilities of 
some of heavy metals and their compounds. 
(vi) Phyto-toxicity of heavy metals. 
(vii) High sensitivity of children for some of the 
heavy metals. 
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(viii) Synergistic effect of heavy metals to 
organisms. 
(ix) Persistance in the environment with possibi-
lities for environmental transformation into 
more toxic compounds. 
It is a matter of grave concern that an increasing 
quantity of heavy metals are being discharged in our 
resources, especially since a large number of industries 
discharge their metal containing effluents to fresh waters 
without adequate treatment. 
The information on metal toxicity to human beings is 
derived mostly from health surveys among workers engaged in 
mining and processing of these metals. Environmental degra-
dation is mostly due to the Pb , Cd / Hg / Ni , Cu , 
Cr(VI) & Cr(III), which have been the source of major 
concern. 
Lead is a toxic element and it accumulates in the 
body, mainly in the bones. It is also found in brain, 
kidney & muscles. Lead poisoning is not due to occasional 
exposure to small doses but due to permanent cumulative 
effects. However, death may result in extreme case of lead 
poisoning. Due to the discharge of industrial waste waters 
such as printing, dyeing and oil refineries etc.; its 
concentration in water increases. Cadmium accumulates in 
various parts of the body (liver, pancreas, kidney etc.) and 
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causes the painful bone disease called itai, itai. It is 
however, present in the waste water from electroplating, 
chemical industries and milling & mining effluents. Mercury 
is also a highly poisonous substance. It accumulates mainly 
in the form of methyl mercury. It affects the central 
nervous system and may be fatal at higher doses. Copper in 
the natural waters also results in higher concentration due 
to pollution. It is used as a pesticide with sulphate and 
also as an algicide separately. Although it passes as such 
through the body but there is evidence of accumulation in 
liver in trace-quantities. In addition to that there are 
certain reports about chromium, which accumulates at higher 
concentrations irrespective of their valancy, but hexavalent 
chromium is more toxic. It causes cancer in respiratory 
tract, when inhaled in large quantities occupationally. 
However, there is no evidence of cancer; when taking 
chromium in diet and from ambient water (National Academy of 
Sciences, 1974). It results in higher concentrations in the 
wastes from electroplating, paints, dyes, chrome tanning, 
explosives , ceramics and paper industries etc.(Trivedy & Goel) 
1.4 Sources of Heavy Metal Pollution : 
The heightened awareness of the deleterious effects 
of heavy metal pollution of the environment have posed a 
serious threat. The problem arising due to the increasing 
use of a wide variety of heavy metals in industry and in our 
daily life have however, assumed serious dimensions. In 
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general, it is possible to distinguish between different 
sources from which metal pollution of the environment origi-
nates. The sources are described as under : 
(i) Geological weathering 
This is the source of baseline or background levels, 
such as the metals occur in elevated levels in the water and 
sediments in areas characterised by metal bearing 
formations. Obviously mineralised zones, when economically 
viable are exploited to retrieve and process the ore. This 
in turn leads to disposal of tailings, discharge of 
effluents and possibly smelting operations which result in 
atmospheric pollution. 
Arsenic rich hot springs arising from geothermal 
activity feed the waikato River of North Island, New 
Zealand. Submerged aquatic plants from this river were 
found to contain a maximum of 650 mg/kg dry mass as compared 
to arsenic levels below 12 mg/kg in plants growing in 
natural soils. 
Release rates for unmined molybdenum- rich deposits 
have been determined for a number of locations in Colorado & 
New Maxico. Similarly a geothermal sources in North Island 
are a natural source for mercury enrichment. 
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(ii) Mining Effluents 
The serious effects of mine effluents on the water 
quality in rivers and lakes, as well as on the biotopes, 
particularly on the fish population, have been known for 
many years. . One of the very first descriptions of this 
problem is the fifth report of the 1868 River Pollution 
Commission (Anon, 1968) in Britain, where especially grave 
damage was caused by the disposal of toxic metals from Lead, 
Zinc and arsenic mines in mid-wales (Lewin et als., 1977). 
All these streams are turbid, whitened by the waste of the 
lead mines in their course, and flood waters in the case of 
all of them bring down poisonous slimes which spreading over 
the adjoining flats, either befoul or destroy the grass and 
thus injure cattle and horses grazing on the dirtied herbage 
or by killing the plants whose roots have held the land 
together, render the shores more liable to abraison and 
destruction on the next occasion of high water. 
However, mine drainage does not occur only from the 
mine itself but also from waste rock dumps and tailings 
areas. The latter two sources often contain a high concen-
tration of sulfides and/or sulfo salts which are associated 
with most ore and coal bodies. 
(iii) Industrial Effluents 
The numerous sources of industrial effluents contri-
bute to heavy metal pollution of the aquatic environment. 
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The classic example is the discharge of the catalyst 
methylated mercury chloride into Minamata Bay from a 
factory manufacturing plastics. 
Most of the heavy metals are employed on widely 
diversified fields. Such as in petroleum refining, steal 
and fertilizer production etc. Apart from that several 
industries function on the basis where only one specific 
heavy metal is involved for example, the use of chromium 
in the tanning industry. 
Chemical and electrochemical methods are employed 
in the metal finishing and allied industries for the 
purpose of protection and/or the decoration of a variety 
of metal surfaces (Lowe, 1970). Most of the processes ar-^  
followed by rinsing operations. To remove the excess 
chemicals and other waste material from the treated 
surface, thus giving rise to effluents. Notably, pickling 
and electroplating give rise to high waste metal concen-
trations. Obviously, most effluent from pickling and 
dipping operations are strongly acidic and contain appre-
ciable amount of dissolved metals. It has been estimated 
that the Dow Chemical Chlor-alkali PLANT AT Sarnia has 
discharged 91,000 Kg of mercury compounds into the st. 
Clair River System, during the period from 1949 to 1972 
(Wood, 1972). Polish tannery wastes from chrome tanneries 
have been reported to vary between 9-140 mg/L of chromium 
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Apart from the metal bearing industrial discharges 
explained above, an inspection of the Table- 1.3 reveals 
that the Laundries as well as ice cream and soft drink 
manufactures also discharge wastes which are rich in copper. 
The textile dyeing and laundry wastes have high chromium 
contents. The backery waste water contain high levels of 
nickel and the fur dressers and dyers discharges exception-
ally high concentration of Cu, Cr, Ni, Zn and Cd (Klein et 
al., 1974). 
(iv) Domestic Effluents 
The domestic waste water constitute the largest 
single source of elevated metal values in rivers and lakes. 
Solid waste particles may cause metal enrichment of the 
suspended load in the waters. The concentration of Copper, 
Lead, Zinc, Cadniuiri and Silver reveal a marked influence of 
domestic effluents in the receiving waters (Preuss and 
Kollmann, 1974). 
The use of detergents also creates a possible 
pollution hazard, since common house hold detergent products 
can affect the water quality. Many enzyme detergents 
contained trace amount of the elements Fe, Mn, Cr, Ni, Co, 
Zn, Sr and Ba (Angino et al., 1970). 
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Table 1.3 Metals in Industrial Waste Waters 
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Miscellaneous 160 280 100 800 27 
Chemicals 
Laundry 1700 1220 100 1750 134 
Car wash 180 140 190 920 18 
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(v) Urban Storm Water Run off 
The urban storm water runoff presents a serious 
problem of heavy metal contamination. Heavy rainfall in 
urban areas is no longer regarded as only a downpour of 
'rain water' since they often contain shock loads of conta-
minants (Sartor et al., 1974). A statistical summary 
revealed that urban storm water runoff has long been reco-
gnized as a major source of pollutants to surface waters 
(Bradford, 1977). 
The contamination however, occurs during periods of 
storm runoff, whereby trace elements are resulted from 
atmospheric emissions and subsequently deposited on various 
surface material to the nearby drainage system. After 
monitoring heavy metals from two heavily urbanized watershed 
at Lodi, New Jersey. Whipple and Hunter (1977) established 
high concentration of Lead, Zinc and Copper after a storm 
event. 
(vi) Atmospheric sources 
Natural and man made processes have been shown 
resulting in metal containing air-borne particulates. 
Depending on prevailing climatic conditions, these particu-
lates may become wind-blown over a great distances, nonethe-
less they are subjected to the fate that they arc ultimately 















A recent study of Shiomi (1973) has revealed that 15-
36% of the Pb entering Lake Ontario from the Niagara River 
was attributable to atmospheric precipitations. 
1.5 Electroplating Waste the major contributor to heavy 
metal pollution : 
Wastes from metal finishing operations, particularly 
those from electroplating, are among the most toxic of 
industrial effluents, since they contain such poisonous 
constituents as acids, many different heavy metals viz., Cr, 
Ni, Cd, Zn and Cu and Cyanides. Electroplating waste is one 
of the major contributors to heavy metal pollution in 
surface waters (Foerstner and Wittman, 1981; Music, 1986; 
Golomb, 1972; Dean et al. , 197 2'). For this reason electro-
plating wastes should not be discharged into the surface 
streans unless extensive dilution is available and they 
should not be permitted entry to municipal sewers if 
biological treatment processes are employed. Pretreatment 
of metal finishing wastes at the source, to reduce the con-
centrations of the Toxicants below environmentally accept-
able levels, can be provided to prepare them for discharge 
to streams or into municipal sewage. 
Within the plating shop principal sources of wastes 
are rinse waters and contaminated or otherwise spoiled 
electroplating solutions. In addition there are various 
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pickling and cleaning solutions that are dumped occasionally 
as well as stripping solutions used for removal of electro-
deposits and acids or other bright dips used electroplating 
after treatment. Other metal-finishing wastes frequently 
associated with electroplating wastes include effluents from 
anodizing, phosphatizing and similar surface finishing 
operations and wastes from organic coating applications such 
as painting, Lacquering and enameling. 
1.6 Aims and Objectives : 
Surface water is often polluted by the improper 
disposal of metal-bearing industrial effluents. 
However, the heightened awareness of the deleterious 
effects of heavy metal pollution has resulted in an inten-
sive research effort aimed at understanding the interaction 
of such metals in natural aquatic systems and their removal 
from water and waste-water by treatment processes. Conven-
tional methods of heavy metal treatment in general perform 
satisfactorily to meet direct discharge requirements. 
In developing countries like India, there is an 
immense need of simple and inexpensive methods for pollution 
monitoring and control. Adsorption at solid-solution 
interface is an important means for controlling extent of 
heavy metal pollution due to industrial effluents (Elliot 
and Huang , 1981; Krauskopf, 1956;Pandey et al., 1982). The 
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use of cheap adsorbents will not only cut dovm costs but will 
also increase its application. 
The present work was therefore, undertaken to examine 
the potential use of various low cost, easily available 
materials such as pyrolusite and phosphate treated saw-dust 
as adsorbents for the removal of heavy metals from aqueous 
solutions and electroplating waste-water at different 
concentrations, amounts, pH and time. Furthermore, the 
extent of desorption of the pre-adsorbed heavy metals e.g., 
2+ 2+ 2+ Ni , Zn , Cu of Cr(VI) were also studied, so that their 
possible recovery could be investigated. Besides, an 
attempt has been made to study the removal of heavy metals 
from aqueous solution and electroplating waste-water with 
wood-ash under kinetic and equilibrium conditions. 
1.7 Survey of Literature 
1.7.1 Treatment Technology for the removal and recovery of 
heavy metals from Industrial wastes and waste water. 
The presence of heavy metals in the environment can 
be detrimental to a variety of Living species. Therefore, 
the elimination of heavy metals from water and wastewater is 
important in order to safeguard public health. Several 
methods have been proposed for the removal and recovery of 
heavy metals which are described as follows: 
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i. Precipitation: 
Ions of the heavy metals occur in wastes from the 
metal finishing industries and in several other types of 
industrial wastes. These metal salts are usually accompa-
nied by acids that can be destroyed by neutralization. If 
the neutralizing agent is strong enough and if a sufficient 
quantity is employed, the pH can be carried beyond the 
neutral point of 7; at a pH of 8 or 9/ most of the heavy 
metals are precipitated as hydroxides or basic salts. 
However, lime is preferred to the more expensive sodium or 
potassium hydroxide, as it costs significantly less. 
Cupric oxide which forms from the hydroxide (Stum and 
Morgan, 1970) has minimal solubility between pH 9.0 and 
10.3. A minimal solubility of 0.01 mg/L has been reported 
in that pH range from Laboratory studies (Jenkins et al. 
1964). This value corresponds closely to the theoritical 
minimum effluent level which could be achieved by precipi-
tation. 
Maruyama et al.(1972) studied the removal of Copper 
from municipal waste water enriched to 5.0 mg/L. Various 
combinations of Lime and ferrous sulfate addition were 
examined for the treatment effectiveness. After chemical 
addition, flocculation and settling, the effluent was sand 
filtered and passed through activated carbon columns. Best 
Copper removal occured at pH 6.0 with the addition of 
ferrous sulfate only. Similar improved treatment has been 
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reported for alum flocculation at pH 6.8-7.0 and reflects 
the phenomenon of co-precipitation.(Gulp and Gulp, 1974). 
A significant problem in achieving low residual 
copper concentration is the presence of complexing agents 
notably cyanide and ammonia. Therefore, copper treatment 
may depend strongly on the removal of complexing agents. 
One method of avoiding cyanide treatment is to use the pyro-
phosphate copper plating process (Growle, 1971). 
Conventional Lime treatment of pyrophosphate is not 
effective since the bath is already at pH 8.3-8.8. Eleva-
tion of pH to 12.0 with Lime which precipitate calcium pyro-
phosphate and thus allow simultaneous precipitation of 
copper hydroxide (Parsons and Rudolfs, 1951). 
Treatment of cupric waste water with hydrazine or 
some other reducing agent and sodium hydroxide reduces 
copper to cuprous form and such a system may be operated at 
pH 7-8 (Volco and Copper, 1971;Pinner and Growle, 1971; 
Crowle, 1971). 
Limited information is available on sulfide preci-
pitation of copper (Rosehart and Lee, 1972;Larsen et al., 
1973). Copper was reduced from 20 mg/L to below detectable 
Limits by sulfide precipitation from a gold ore extraction 
waste water. Treatment by Co-precipitation with alum 
yielded equivalent results (Cotton and Wilkinson, 1962). In 
field studies on an acid mine drainage waste, the waste was 
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first lime neutralized to pH 5.0 to precipitate iron and 
aluminium and then in a second stage treated at pH 6.5 with 
barium sulfide for removal of other heavy metals. Copper 
was reduced from initial levels of 50-115 mg/L to below 0.5 
mg/L (Weiner, 1967). 
Cadmium forms an insoluble and highly stable 
hydroxide at alkaline pH (Cotton and Wilkinson, 1962). Most 
effective cadmium hydroxide precipitation occurs between pH 
9.5 and 12.5. Freshly precipitated cadmium hydroxide has 
been reported to leave approximately 1.0 mg/L of residual 
cadmium in solution at pH 8, but this is reduced to 0.1 mg/L 
at pH 10 (Jenkins et al., 1964). Precipitation at pH above 
11 has been reported to yield an effluent cadmium level of 
0.00075 mg/L. Sand filtration slightly reduced this 
residual cadmium concentration 0.00070 mg/L (Culp and Culp, 
1974). It has been indicated that Co-precipitation with 
iron hydroxide at pH 8.5 im.proves cadmium removal (Anderson 
et al., 1971; Weiner, 1967) and that co-precipitation with 
aluminium hydroxide is also effective for cadmium, as well 
as Zinc and nickel (Culp and Culp, 1974). 
An evidence for the beneficial treatment effect of 
co-precipitation with iron hydroxide is presented by 
Maruyama et al. (1972). In pilot plant studies of metals in 
municipal waste-water by the addition of high quantity of 
Lime (600 mg/L) at pH 11.5, a residual cadmium concentra-
tion of 0.014 mg/L was reported. 
31 
In hydroxide precipitation of cadmium from a waste 
stream at a machine plating plant, an effluent pH of 9.0 and 
cadmium concentration of 0.54 mg/L was reported for the lime 
precipitation process (Hansen and Zabban, 1959). 
A very effective cadmium removal has been achieved in 
a pilot plant lime coagulation- settling process. The 
process achieved 94.5% cadmium removal from the trace 
quantities present (Linstedt et al., 1971). 
In the presence of complexing agents (e.g; cyanide)^ 
it is difficult to precipitate cadmium ion (weiner, 1967). 
Therefore, effective precipitation of cadmium is dependent 
upon prior cyanide removal. Chalmers (197 0) reported 
treated effluents cadmium concentration of 0.7 mg/L after 
cyanide chromium treatment plus neutralization and sand 
filteration. 
A proprietary hydrogen peroxide oxidation precipi-
tation system has been developed which simultaneously 
oxidizes cyanides and precipitates the oxide of cadmium. 
The hydroxide precipitation with Lime may be unsatis-
factory for cadmium, due to the high pH required for 
effective treatment (Dean et al. , 1972). The use of sulfide 
for cadmium precipitation appears feasible, although it has 
had only Limited application (Larsen et al 1973; Shimoiizaka 
1972) . 
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Trivalent chromium can be removed as insoluble 
chromic hydroxide Cr(OH)- by precipitation with caustic soda 
or Lime (Besselievre, 1969). The precipitation process is 
most effective at pH 8.5-9.5 due to the low solubility of 
chromic hydroxide in that range. 
A typical metal bearing waste contains other metal 
ions as well as chromium to be removed by precipitation, and 
because of optimum pH of precipitation varies for different 
metal hydroxides, an average waste stream pH of about 8 
often seems to achieve the best overall results on a waste 
containing several metal ions (Zievers et al., 1968). 
Soda ash has been used to precipitate trivalent 
chromium (Besselievre, 1969) although the most commonly 
employed chemical for precipitation is lime. The chromium 
content of electroplating waste was reduced from 140 to 1.0 
mg/L by neutralization and precipitation with lime at pH 7-8 
(Avrutskii, 1969). A coagulant aid was employed to imrove 
the chromic hydroxide precipitate removal (0' Connor et al., 
1962) . 
Chromate reduction by sodium metabisulfite to below 
0.1 mg/L, followed by waste neutralization with Lime to pK 
9.0. Precipitation of chromic and other metallic hydroxide, 
and settling (Werner, 1972) has been found to be a promising 
technique. Trivalent chromium levels below 0.2 mg/L can be 
achieved by such treatment (Curry, 1972). 
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Sedimentation of the precipitate was improved by 
addition of an anionic polyelectrolyte. Plant effluent was 
reported to contain no hexavalent chromium and an average 
0.75 mg/L trivalent chromium (Anderson and lobst, 1968). 
ii. Reduction 
In this treatment technique, the pH of the waste 
water is to be lowered with sulphuric acid and convert the 
hexavalent chromium to trivalent chromium with a chemical 
reducing agent such as sulfur dioxide, sodium bisulfite, 
metabisulfite or hydrosulfite or ferrous sulfate. The 
trivalent chromium is then removed, usually by precipitation 
with Lime (Mac Dougall, 1954; Besselievre, 1969). 
Sulfur dioxide is the most popular reducing agent in 
treatment of chromium containing wastes, primarily because 
it is relatively cheaper (Stone, 1972). Its use at a Boeing 
plant has been reported to treat chromium in metal finish-
ing wastes (Raise et al., 1960). The pH ol the waste was 
adjusted to 2.5 by adding sulfuric acid before reduction. 
Sulfur dioxide, used to treat chromic acid plating bath and 
chromic acid etch bath wastes yielded residual hexavalent 
chromium less than 1.0 mg/L (Shink, 1968). 
The sulfur dioxide chromate reduction process has 
also been used to treat wood preserving waste water (Teer 
and Russel,1972). It has been found that for an influent 
concentration range of 0.23-1.5 mg/L, the effluent hexa-
valent chromium averaged 0.1 mg/L. 
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An unusual source of sulfur dioxide, washed out of 
the power house stock gas was used as the chemiral reducing 
agent for converting Cr(VI) to Cr(III). Sodium bisulfite is 
employed as a supplement (Lacy and Cywin, 1968) where 
additional reduction is needed. 
In the treatment of electroplating waste containing 
140 mg/L of hexavalent chromium, reduction was carried out 
at pH 2.5-2.8, employing sodium bisulfite as the reducing 
agent (Avrutskii, 1969). The process was reported to reduce 
hexavalent chromium to the concentration of 0.7-1.0 mg/L. 
The replacement of sulfur dioxide with sodium metabisulfite 
as a reductant has been reported due to industrial health 
problems associated with gas Leakage (Kelsy and Seeds, 1972). 
The two stage chromat<^ reduction process ' has been 
utilized for chromium plating rinse water. The use of 
sodium bisulfite followed by a hydrazine plus soda ash 
reduced the chromium concentration from 8-20.5 mg/L to less 
than 0.1 mg/L in the effluent (Martin, 1973). The use of 
metabisulfite as a reducing agent for treatment of chromate 
waste from a metal plating operation(Landy, 1971; Werner, 
1972) and sodium hydrosulfite (Martin, 1973) has also been 
reported. 
Several reports also describe the use of ferrous 
sulfate as a reducing agent for chromate containing wastes. 
Ferrous sulfate has been reported to have the advantage of 
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effectiveness independent of pH (German et al. , 1968). 
However, Bennet (1972) claims that ferrous sulfate reduction 
at pH 2-3 proceeds within 30 minutes to a residual 
hexavalent chromium level at 1.0 mg/L. In addition the use 
of ferrous sulfate to treat chromate wastes containing 
cyanide results in the formation of very stable ferro-
cyanide complexes which prevent subsequent effective cyanide 
treatment. 
ill. Ion Exchange 
Ion exchange is capable of achieving very high levels 
of copper removal, particularly from low concentration 
wastes. Copper removal by ion exchange from 1.02 mg/L to 
less than 0.03 mg/L has been reported (Botham and Bryson, 
1953). When compared to other treatment methods, for cases 
where metal recovery is not feasible, ion exchange does not 
appear to be practicable as it is a costly process. 
Treatment of copper rinse solutions containing high 
ammonia concentrations has been reported by a selective ion 
exchange resin. Copper was reduced from 45 mg/L to undetec-
table levels by this process. 
Schore (1972) reported that ion exchange reclamation 
of copper from pickle liquor allowed electrolytic copper 
recovery and regenerated the acid pickle solution. 
There are many ion exchange resins with high speci-
ficity for cadmium (Mattock IPfift^  u^ 
vmacrocK, 1^68). However, ion exchange 
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method is unsuitable for the recovery of cadmium from mixed 
cadmium cyanide solution (Oldan and Hesler, 1956). 
Relatively little information is available in liter-
ature on ion exchange treatment of trivalent chromium. In 
most of the industrial wastes chromium exists in the hexa-
valent form and if recovery is preferred direct ion ex-
change treatment of the chromate or dichromate is carried 
out. The different resins are employed to recover each form 
of chromium (Ross, 1968; Thompson and Miller, 1971). 
In the ion exchange system, pH is a critical factor 
(Anderson, 1974; Calmon, 1974) with proper pH adjustment 
(4.5-5). Chromate was removed from cooling water system 
even in the presence of high concentration of sulfate and 
chloride ions. Successful ion exchange treatment of a metal . 
finishing waste has been reported to meet a chromate efflv;-
ent standard of 0.05 mg/L (Rothstein, 1958). This chromate 
level is equivalent to a Cr(VI) concentration of 0.03 mg/L. 
iv. Evaporative Recovery 
Use of evaporative recovery has been practiced for 
over 20 years (Culotta and Swanton, 1970). Recovery of 
Copper is often more attractive than some other metals such 
as Zinc due to its higher cost (Culotta and Swanton, 1970). 
Domey and Steife(1970) reported from 4100 to 600 gal/day by 
rinsing modifications. Such modification is generally essen-
tial to the economic feasibility of evaporative recovery system 
since the major cost item is the steam (Culotta and Swanton,1971) 
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In evaporative recovery of chromic acid, all consti-
tuents of the waste water are retained in the concentrated 
product. In practice, this has been a major disadvantage of 
evaporative recovery since the build up of impurities often 
results in defective plating (Pinner, 1973). Plating waste 
rinse water containing only a few mg/L of chromic acid can 
be concentrated to above 900 mg/L (Culotta and Swanton, 
1969) . 
V. Electrochemical Reduction 
A recently developed process with significant poten-
tial application for both concentrated and dilute copper 
waste water is 'cementation' (Jester and Taylor, 1973; Case, 
1974). The process involes percolating the copper waste 
water through a bed of scrap iron. By oxidation- reduction 
reaction, copper is cemented onto the iron, with sacrificial 
iron going into solution. 
Reduction of Cr(VI) to Cr(III) has also been success-
fully applied in an electro- chemical treatment process. 
The hexavalent chromium reacts with both elemental iron and 
ferrous iron and gets reduced to trivalent chromium. The 
reaction has been found to be pH dependent. Complete reduc-
tion of a 100 mg/L Cr(VI) solution has boon reported within 
8 minutes, at pH 2.0 (Case, 1974). 
vi. Miscellaneous Processes 
The processes include Reverse Osmosis, Electrodialysis, 
Freeze and Electrolytic Recovery of metals from different 
wastes. 
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Successful pilot scale reverse osmosis treatment (99% 
rejection) has been reported for copper pyrophosphate and 
copper cyanide plating bath rinse waters. However, avail-
able membranes are suitable only over a pll reTnyo of 3.5-
12.0 (Donnelly et al. , 1974). The removal of cadmium from 
cadmium plating rinse wastes has been reported to the extent 
of 78 to 99% (Mattock, 1968). A highly selectivity 
cellulose acetate membrane yielded 92.6% rejection at pH 2.6 
and 98.G% rejection at pH 7.6 (Cruver, L973) for hcxavalcnt 
chromium containing wastes. 
Bovet (1970) has claimed that electrodialysis is 
economically feasible for treatment of process solutions and 
rinse waters from plating and metal finishing operations, 
and for treatment of acid mine drainage. 
Freeze recovery has also been considered and reported 
effective as well as economical followed by either reuse or 
precipitative treatment of the concentrated slurry (Donnelly 
et al., 1974). About 99.6% reduction of cadmium, to a final 
concentration of 0.4 mg/L (Campbell and Emmerman, 1972) has 
been achieved by this process. 
Direct electrolytic recovery of copper metal is 
possible from relatively concentrated waste solutions. The 
electrolytic process generally requires a preconcentration 
step such as ion-exchange or evaporation. Acid Leach 
solution from copper ore is electrolysed directly in one 
application to recover coper (Simpson and Thompson, 1950). 
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Recovery of copper from copper pickling baths presents no 
problem but brass pickle solution may cause problems from 
the sludge formation (Jackson, 1972). 
A new process has been reported recently (Silman, 
1971) for the electrolytic treatment of dilute copper 
cyanide solutions. The process consists of a fluidized 
semiconducting carbon bed across which a potential is 
developed. 
vii. Adsorption Processes 
The adsorption studies are significant both theori-
tically and practically as they can be utilized in the 
detection, determination and treatment of inorganic and 
organic pollutants and pesticides. The use of adsorption 
processes for the removal of pollutants by the use of solid 
adsorbents has been considerably developed recently. It has 
been found to be very useful and successful in many fields 
such as the purification processes, water treatment 
processes and analytical methods. The theory of adsorption 
from solution has not been well developed and is still in 
the developing stage. 
In recent years the adsorption technique for the 
removal and recovery of heavy metals has received a great 
attention (Griffin et al., 1977; Huang and Wu, 1975; Yoshida 
et al., 1977; Gadde and Laitinen, 1974;Kinniburc et al., 
1976; Benjamin and Leckie, 1981; Millward and Moore, 1982; 
Acki and Munemori, 1982; Slavek and Pickering, 1985; De and 
Sen, 1987). 
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Activated carbon has been used as an effective adsor-
bent for removing organic and inorganic contaminants from 
water, waste water and air samples (Mc Deugall and Gloria, 
1982 ; Cookson and John, 1978; Clark and Eilers, 1983; Howes 
et al. 1984; Manes and Greenbank, 1983; Weber and Pirbazari, 
1983; Weber, 1981; Van Vliet and Weber, 1981; Martin and 
Iwugo,1982; Lagana et al., 1980; Giug Liano, 1982; Hory et 
al., 1983.^ 
It has been very effectively and successfully used as 
an adsorbent for the removal of various pollutants viz. 
adsorption of hydrocarbons (Pirbazari et al. , 1983) alcohols 
(Recht et al. , 1981), phenols (Mahajan et al., 1980), 
Organic acids (Van Breenman et al. , 1979), Vinyl chloride 
(Forohreich and Scamchorn, 1977), dyer (Hiroshi, 1979), 
pesticides and pollutants (Lagana, 1980; Decker and Corby, 
1980) and inorganics (Kraus and Fredrick, 1975; Huang and 
Bowers, 1978; Huang, 1978; Jankowska et al., 1982; Yankovska 
et al., 1982; Swiatkowski, 1982; Boki et al., 1981; Huang 
and Ostoric, 1971; Sigworth and Smith, 1972; Huang and 
Bowers, 1979; Huang and Wu, 1977) from water and waste 
water. 
In brief activated carbon has been found to be an 
effective adsorbent for the removal of many organic as well 
as inorganic substances present in water. However, the use 
of activated carbon poses an economic problem and limits its 
large scale use for the abatement of heavy metal pollution 
in developing countries like India. 
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Different adsorbents have been proved quite useful 
due to its low cost and wide availability viz. fly ash (James 
and Richard, 1986; Vishwakarma et al., 1989; Sen and De, 
1987; Yadav et al., 1987; Huang and Stumm, 1973; Gadde and 
Laitinen, 1974);peat (Bloom and Mc Bride, 1979; Chaney and 
Hundemann, 1979; Dissanayake and Weerasooriya, 1981; Smith 
et al., 1977; Wolf et al., 1977; Gosset et al. , 1986), 
fibrous Keratinous materials such as wool and hair (Guthrie 
and Laurie, 1968; Kulkarni and Rane, 1980; Matsuda et al., 
1978), Clays (Frost and Griffin, 1977; Ajmal et al.,1984), 
alumina bauxite (Gupta and Chen, 1978) woolastonite (Jain et 
al. , 1982;Pandey et al., 1986,27) discarded automobiles tires 
(Netzer et al., 1974) suspended particles of river 
water(Salim, 1983; Gibbs, 1973; Kubota et al., 1974) and 
sludge (Lee et al., 1989; Oliver and Cosgrove, 1975; Feiler, 
1980; Neufeld et al . , 1977; Cheng et al., 1975; Nelson ot 
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CHAPTER - 2 
ADSORPTION STUDIES AND THE REMOVAL OF DISSOLVED 
METALS USING PYROLUSITE AS ADSORBENT 
2.1 Introduction 
In recent years the adsorption technique for the 
removal and recovery of heavy metals from solution has 
received a great deal of attention (Griffin et al., 1977; 
Huang and Wu., 1975; Yoshida et al., 1977; Gadde and 
Laitinen, 1974; Kinniburgh et al., 1976; Benjamin and 
Leckie, 1981; Millward and Moore, 1982; Acki and Munemori, 
1982; Slavek and Pickering, 1986; De and Sen, 1987). The 
adsorption of metal ions on hydrous oxides has also been 
studied extensively (Kolthoff and Moskovitz, 1937; Kolthoff 
and Overhosler, 1939; Kurbatov et al., 1955). The adsorp-
tion of heavy metals on hydrous oxides depends upon the 
oxidation potential, pH and complex forming ability. These 
factors also play an important role in the transport of 
heavy metals in the aquatic environment (Fredlee, 1973). 
Hydrous oxides of FedII) and Mn(II) have been found to be 
very effective in controlling the concentration of heavy 
metals in sea water (Krauskopf, 1965). The adsorption of 
metal ions on hydrous oxides of Fe(III) and Mn(II) has also 
been studied (Gadde and Laitinen, 1974). Various low cost 
adsorbents reported to be effective for the removal of 
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dissolved lead include tree bark (Kumar and Dara, 1980), low 
rank coal(Cullen and Siviour, 1982), soils (Elliot et al. , 
1986; Elkhatib et al., 1991), peat moss (Coupel and 
Lalancette, 1976) and fertilizer waste slurry (Srivastava et 
al., 1989). Fe(III) hydroxide was used for the removal and 
Ct o_i- pj- *?-\~ 
recovery of metal ions including Cr , Ni , Cu , Cd and 
2+ Zn from electroplating waste water (Ajmal et al., 1993). 
The dissolution of Mn(II) hydroxide under anaerobic 
conditions and precipitation of the oxidized form under 
aerobic conditions plays an important role in the trans-
portation of heavy metals from an aerobic to anaerobic 
region in natural aquatic environments (Goldschmidt, 1958). 
This phenomenon has encouraged to study the adsorption of 
heavy metals on naturally occurring pyrolusite. This natural 
ore of manganese has been chosen because of its ease of 
availability and its potential for direct use as an 
adsorbent without pretreatment. However, the method might 
be applicable to the effluents from electroplating industry 
for the treatment of metal ions (particularly Lead). 
2.2 MATERIALS AND METHODS 
2.2.1 Pyrolusite Samples, Chemical Reagents and Apparatus: 
Pyrolusite samples collected from the district of 
Kalahandi, Orissa, India were supplied through the courtesy 
of the Geology Department, Aligarh Muslim University, India. 
The pyrolusite was crushed and sieved to produce samples of 
specific particle size. Two sieved fractions of sample 
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A(80-100 mesh) and sample B{100-125 mesh) were chosen for 
adsorption studies. The sieved material was washed several 
times with distilled water and then dried at 40°C. 
2+ 2+ 2+ 2+ Stock solution of Pb , Zn , Cd and Mg etc. 
were prepared by dissolving the required quantity of their 
salts (nitrate/chloride) in distilled water. Synthetic 
waste water samples of various metal ions were prepared by 
diluting the calculated volumes of stock solutions in one 
litre of distilled water. All reagents used were of analyti-
cal grade. 
An Elico pH meter was used for measuring pH. 
Spectropnotometric measurements were made using an Elico SL 
151, UV-vis, spectrophotometer. The analysis of metal ions 
in synthetic samples was done using a double beam atomic 
absorption spectrophotometer Model GBC902. 
2.2.2 Chemical Stability 
The chemical stability of pyrolusite was determined 
in various solvents. 0.5g portions of sample B were 
treated with 50 ml of the solvents for several weeks and 
the amount of Mn(li) released was determined spectrophoto-
.etrically after converting Mn(Ii) into permanganic acid 
(HMnO^) by oxidizing with potassium periodate (KIO^) in 
acidic medium (Furman, 1962). 
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2.2.3 Adsorption Studies 
Adsorption studies were carried out as follows:-
1.0 g sample of the desired mesh size was treated 
with 50 ml of the solution containing a known quantity of 
metal ions for 24 h in a conical flask. The concentration 
of metal ions was determined by standard methods before and 
after adsorption. The amount of metal ions adsorbed was 
then calculated by subtracting the final concentration 
(after 24 h) from the initial concentration. 
2.2.4. Effect of Concentration on Adsorption 
Samples A and B (1 g each) were treated with 50 ml 
solutions containing different amounts of lead under 
identical conditions. The final concentration of lead in 
each flask was determined after 24 h and adsorption was 
calculated as explained above. 
2.2.5. Effect of Time on Adsorpti ion 
1.0 g of sample B was treated with 50 ml of the 
solution containing 22.7 mg/1 of the initial lead 
concentration. The final concentration of lead was 
determined at different time intervals and the amount of 
lead adsorbed was then calculated. 
2.2.6. Effect of pH on Adsorption 
A solution containing a known amount of lead was 
taken in a beaker and its desired pH was adjusted by adding 
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dilute HCl or dilute NaOH solutions. 50 ml of the same 
solution was then taken in a conical flask and treated with 
1 g of sample B. The final concentration of lead was then 
determined after 2 4 h and the amount of lead adsorbed was 
then calculated at different pH values. 
2.2.7. Effect of Pyrolusite Dosage on Adsorption 
0.5, 1.0, 1.5 and 2.0 g of pyrolusite were each 
treated with a 50 ml solution containing a known amount of 
lead. The final concentration of lead was then determined 
after 24 h and adsorption was calculated in each case. 
2.2.8. Removal of Lead Ions from Synthetic Waste Water 
Synthetic waste water sample containing different 
metal ions was prepared by diluting stock solutions of 
various metal ions in one litre distilled water. 50 ml of 
this waste water was treated with 1.0 g of pyrolusite in a 
conical flask. The amount of lead was then determined by 
atomic absorption spectrophotometery after 24 h. 
2.3. RESULTS AND DISCUSSION 
The amount of Mn(II) released in various solvents by 
pyrolusite is shown in Table 2.1. These results indicate 
that pyrolusite is highly stable in appreciable amounts of 
NaCl, NH^Cl and NaOH solutions. However, the material is 
affected by H2S0^, HCl and HNO^. This may be attributed to 
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the fact that Mn(II) is produced and leached into the 
solution at pH < 2 (Goldschmidt, 1958). The pyrolusite 
material therefore is the most effective adsorbent in neutral 
media. 
Table 2.1 Chemical stability of pyrolusite in different 
solvents at room temperature. 
Sample Solution Amount of Mn 












1.0 M NaCl 
0.1 M NH^Cl 
1.0 M NH.Cl 4 
0.1 M NaOH 
1.0 M NaOH 
0.01 M H-SO, 2 4 
0.01 M HNO 
0.01 M HCL 























Adsorption of different metal ions on pyrolusite 
in aqueous solution (pH 6.5). 
Sample Metal Amount of metal Adsorption 















2.3.1 Adsorption Behaviour of Metal Ions 
The percent adsorption of Pb "*", Zn , Cd and Mg 
on pyrolusite at pH 6.5 is given in Table 2.2. The 
adsorption of lead was found to be maximum (100 %) followed 
by Zn and Cd , whereas no adsorption of Mg occured. A 
similar behaviour was observed by Gadde and Laitinen (1974) 
with hydrous manganese oxide (HMO) at pH 6-7: 
Pyrolusite : Pb^ "*" > Zn^ "^  > Cd^ "^  
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Table 2.3 
Relation between the solubility product of 

























HMO : Pb^ "*" > Zn^ "*" > Cd^ "*" 
Table 2.3 shows the relation between the percent 
adsorption and solubility product (at 25°C) of metal hydro-
xides. The maximum adsorption of lead on pyrolusite in 
neutral medium as well as on hydrous manganese oxide maybe 
attributed to the very low solubility product of lead 
hydroxide followed by Zn and Cd, irta^ hydroxide has the 
highest solubility product in this series and so its 
adsorption is zero. It can therefore be inferred that 
adsorption of these metals on pyrolusite may be due to the 
formation of their insoluble hydroxides in a neutral 
medium. 
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2.3.2. Effect of Particle Size on Adsorption 
Samples A and B were treated with solutions 
containing the different amount of lead and it was 
observed that sample B (100-125 mesh) showed maximum 
adsorption (96.2 %) compared to sample A (52 %) for the 
solution containing 54.65 mg/1 of lead as shown in Table 
2.4. This is a general trend that has been observed by 
many authors, since a decrease in the particle size of the 
adsorbent increases the surface area per unit weight and 
provides more adsorption sites. 
2.3.3. Effect of pH on Adsorption 
The effect of PH on the adsorption of lead is shown 
in Figure 2.1. It is evident from the data that 
adsorption increases with the increase in pH. The maximum, 
adsorption occurs at pH 7 and above. An appreciable 
amount of lead is adsorbed at pH 4.5 whereas no adsorption 
occurs at or below pH 2. The material can therefore be 
used at or above pH 4.5 for the removal of lead from waste 
water. 
2.3.4. Effect of Lead Concentration on Adsorption 
Samples A and B were treated with solutions of 
different amounts of lead under identical conditions as 




Effect of concentration on the adsorption of Pb on 
pyrolusite at pH 7. 
Amount of Pb Amount of Pb Pb Pb 
before adsorp- after adsorp- adsobred adsorbed 
tion (mg/1) tion (mg/1) (mg/1) (%) 
Sample A(80-100 mesh) 
22.77 0.00 22.77 100 
45.54 14.49 31.05 68 
54.65 26.15 28.50 52 
68.31 49.68 18.63 27.3 
91.08 68.31 22.77 25.3 
Sample B(100-125 mesh) 
22.7 0.00 22.7 100 
54.65 2.07 52.58 96.2 
109.3 6.21 103.0 94.0 
163.94 20.7 143.24 87.37 
218.6 60.03 158.57 72.55 
B that the amount of lead adsorbed increases while percent 
adsorption decreases when the initial lead concentration 
is increased. However, the percent adsorption of lead 
decreases more rapidly in sample A even in the lower 


























Fig. 2.1-Adsorption of Pb on 
PyroUisite as u tunc 
















- • • 
Concentration of Pb \22 .7mg /4 
.^ -L 
2 A 6 & 10 
Tune ( h rs ) 
Fig.2.2-Effect of time on the 
adsorption of Pb^ * on 
Pyrolusitc at pH -7 
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with an initial lead concentration of 54.65 mg/1; whereas 
for sample B the percent adsorption only decreases from 
96% to 72.55%, when the initial lead concentration is 
increased from 54.65 mg/1 to 218.6 mg/1. Therefore, the 
efficiency of lead removal from sample B is higher than 
sample A and a larger quantity of lead can be removed from 
the waste with a small dose of sample B. 
2.3.5. Effect of Time on Adsorption 
The effect of time on the adsorption of lead is 
shown in Figure 2.2. The equilibrium is attained within 
30 min and after that adsorption is negligible. 
2.3.6. Effect of Pyrolusite Dosage on Adsorption 
In Figure 2.3 the percent adsorption of lead with a 
varying amount of pyrolusite at pH 7 is shown. The 
adsorption increases with the increase in pyrolusite 
dosage. However, the adsorption becomes maximum at 1 g of 
pyrolusite. Figure 2.4 shows the relation between the 
amount of lead adsorbed per unit weight of pyrolusite and 
the equilibrium concentration of lead. The straight line 
indicates that the Freundlich adsorption isotherm is 
followed by the system. 
JL= K.Ce^/" 
m 
K and n are constants related to sorption capacity and 










.oh 2* Concentration of Pb =A5 5 A m g / l 
10 -
0 _L _L 
05 1.0 1.5 2.0 
Amount o1 Pyrolusile ( gms ) 
2.5 
Fig. 2.3-Amount of Pyrolusite dosogs on the 
2 * . 
adsorption of Pb ions 
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o 
10 1.) ).2 1.3 l.A 
Equil ibrium concentration 
log Ce ( m g / l ) 
Fig.2.A- Freundlich adsorpt ion isotherm 
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Table 2.5 
Removal of lead from synthetic waste water using 
pyrolusite(100-125 mesh)•characteristic of synthetic waste 
water {pH 6.7). 
Metal ions Concentration Concentration Removal 
after adsorption of lead 







Pb 5.0 0.00 100 
N.D. = Not determined. 
0 . 1 0 
1.5 
0 . 5 0 
0 . 0 6 
0 . 2 0 
0 . 0 5 
 
N . D . 
N . D . 
N . D . 
N . D . 
N . D . 




Removal of lead from synthetic waste water (containing 121 
mg/L lead) using pyrolusite(100-125 mesh). Composition of 
synthetic waste water (pH 7.2). 
Metal ions Concentration 
(mg/L) 
Concentration Removal 























N.D. = Not determined 
2.3.7 Removal of Lead from Synthetic Waste Water 
The suitability of pyrolusite as an effective 
adsorbent for lead was demonstrated by removing lead from 
synthetic waste water is shown in Tables 2.5 and 2.6. 
However, 50 ml of the synthetic waste was treated by 
1 g of pyrolusite (Sample B, 100-125 mesh). it is 
confirmed that 100 % removal of lead is possible under 
these conditions from the waste water containing 5 mg/L of 
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lead whereas only 96% removal is possible when the concen-
tration of lead is as high as 121 mg/1 in the mixture. 
2.4 CONCLUSION 
1. Pyrolusite, a naturally occurring ore of manganese, 
is available in abundance in India. The adsorption 
studies on this ore may provide a more economical 
method for the removal of metal ions from waste water. 
It is stable in neutral or alkaline electrolyte media 
with appreciable electrolyte concentration but 
unstable in acidic solutions. However, the method 
might be applicable directly to the effluents from 
electroplating industry for the treatment of Lead. 
2+ 2+ 2+ 
2. The studies on the adsorption of Pb , Zn , Cd and 
2 + Mg using pyrolusite as an absorbent have shown that 
lead ions are adsorbed specifically in neutral media. 
2+ 2+ 2+ 
3. The adsorption of Pb , Zn , Cd may be attributed 
to the formation of their respective hydroxides. The 
selectivity of lead ions may be due to the very low 
solubility product of lead hydroxide followed by 
Zn^ "^ , Cd^ "^  and Mg^ "^ . 
4. The adsorption of lead increases with an increase in 
pH. The material can be used effectively only at or 
above pH 4-5. 
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The particle size of pyrolusite, however, plays an 
important role. The percent adsorption is 52% at an 
initial lead concentration, 54.65 mg/1 when sample A 
(80-100 mesh particles) is used; whereas sample B 
(100-125 mesh) shows maximum adsorption (96%) under 
similar conditions and an appreciable amount of lead 
(94 %) with sample B adsorbed even at an initial 
concentration of lead as high as 109 mg/1. The 
maximum efficiency of pyrolusite for the removal of 
lead can be achieved by using 100-125 mesh particles 
in a near neutral pH. The effJLciency of pyrolusite 
2 + has been demonstrated by removing Pb ions from 
synthetic waste water. A concentration of lead ions 
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CHAPTER 3 
STUDIES ON REMOVAL AND RECOVERY OF Cr(VI) FROM 
ELECTROPLATING WASTE 
3.1 INTRODUCTION 
Electroplating waste is one of the major contri-
butors to heavy metal pollution in surface waters (Ajmal 
et al. 1993; Golomb, 1972). 
Chromium which is a highly reactive metal, has 
found widespread use in electroplating, leather tanning, 
metal finishing and chromate preparation. Normally 
industrial wastes contain both hexavalent and trivalent 
forms of chromium. However, hexavalent form is more 
hazardous to biological activities. The various compounds 
of chromium are found to be both corrosive to flesh and 
carcinogenic . Research on toxi cological effect of 
chromium on water bodies by Mearns et al. (1976) concluded 
that high concentrations of hexavalent chromium in water 
were lethal to various fishes. The various treatment 
techniques available for the removal and recovery of heavy 
metals from wastewater are reduction, precipitation, ion-
exchange and adsorption. However, most of the methods 
suffer from some drawback such as high capital and/or 
operational cost or the disposal of the residual metal 
sludge. 
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Huang & Wu (1977) concluded that adsorption of 
hexavalent chromium on activated carbon was highly pH 
dependent and maximum adsorption was observed at pH 6. 
However, the use of activated carbon on the adsorption of 
pollutants poses an economic problem. Therefore, there is 
a need for the development of low cost, easily available 
materials which can be used more economically on large 
scale. 
Alaets et al. (1989) studied the adsorption of 
hexavalent chromium on carbonacious material developed 
from coconut shell, while waste slurry from fertilizer 
plants was used as an adsorbent for hexavalent chromium by 
Srivastava et al. (1989). Rice husk carbon has been used 
as an adsorbent for hexavalent chromium by Srinivasan et 
al. (1988). Some preliminary investigations on the 
removal of hexavalent chromium with Chinese Peat have been 
reported by Zhu et al. (1984). Imai A. and Gloyna E.F. 
(1990) studied the effect of pH and oxidation state of 
chromium on the behaviour of chromium in the activated 
sludge process. Recently, Sharma and Forster (1993) 
discovered the Spagnum moss peat to be an effective 
adsorbent for hexavalent chromium. However, the recovery 
of chromium was only 50%. 
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Saw dust is a widely available and abundant natural 
material. It has been reported to exhibit ion-exchange 
and complexation capacities towards heavy metals (Begum 
Shakila; 1992, Aval and Motedayan, 1991). Iron impreg-
nated saw-dust was used for the removal of phenolic 
compounds from water (Singh & Mishra, 1990). Adsorption 
of Cu on saw dust was studied (Vaishya et al, 1991). 
Adsorption of Cu, Pb, Hg, Fe on saw dust dyed with several 
reactive dyes was studied by Shukla et al. (1991). 
This chapter describes phosphate treated saw-dust, 
which shows remarkable adsorption behaviour towards hexa-
valent chromium even in highly acidic solutions. The 
adr-^ -^ r+--i or' studies have also been carried out. 
3.2 MATERI7VLS 
The saw dust of Mango tree (Mangifera indica) was 
seived (50-60 mesh) and washed several times with 
distilled water. It was then treated with 0.1 M aqueous 
solution of disodium hydrogen phosphate for 24 hrs. The 
material was then filtered and washed several times with 
distilled water until no phosphate was released in the 
washing. It was then dried at 40°C in an oven. The 
material was then used throughout the adsorption studies. 
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3.2.1 Composition of saw dust: 
The amount of phosphate incorporated was determined 
as follows. One gm of saw dust was treated with 50 ml of 
O.IM solution of disodium hydrogen phosphate. It was 
filtered after 24 hrs and washed several times with 
distilled water to remove excess phosphate from saw dust. 
The filtrate and washings were collected in a 250 ml flask 
and made upto the mark. The amount of unadsorbed 
phosphate was then determined spectrophotometrically using 
phosphomolybdate method. The amount of phosphate retained 
by the saw dust was then calculated and found to be 13.5 
mg per gm saw dust. 
All the chemicals used were of analytical grade. A 
stock chromium (VI) solution (1000 mg L ) was prepared in 
distilled water using potassium dichromate. All the 
working solutions were prepared by diluting the stock 
solution with distilled water. 
3.2.2 Analysis of Electroplating Waste Water: 
Electroplating waste water was collected from one 
of the electroplating industry in Aligarh City at 5 p.m. , 
containing maximum concentration of Cr(VI). It was then 
analysed for Cr(VI), Cu^"^, Ni^"^ and Zn^ "^  by atomic 
absorption spectrophotometer using air-acetylene and 
Nitrous oxide-ac^etylene flame. (Table 3.3) 
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3.3 EXPERIMENTAL METHODS 
The sorption studies were carried out at room 
temperature {30+5°C) 50 ml of the solution containing 
desired quantity of metal ions was treated with one gm of 
the phosphate treated saw dust for 24 hrs. The reaction 
mixture was then filtered and filtrate was analysed for 
final concentration of metal ions. The amount of Cr{VI) 
adsorbed was determined by subtracting final concentra-
tions from initial concentrations. The effect of pH was 
also studied on the adsorption of Cr(VI). The required 
quantity of Cr(VI) was added in water and pH of this 
solution was adjusted by adding dilute hydrochloric acid 
or dilute sodium hydroxide solution and then concentra-
tion of Cr(VI) was determined (initial concentration). 50 
ml of this solution was treated with one gm of saw dust 
for 24 hrs in a conical flask and final concentration of 
Cr(VI) was determined. The amount of Cr{VI) adsorbed was 
then calculated as described above. The effect of sorbent 
doses was performed on an initial chromium concentration 
of 40 mg L~ at pH 1,2 and 3 for a contact time of 24 hrs. 
The analysis of hexavalent chromium in solution was 
carried out colorimetrically by developing a purple violet 
colour with 1,5 diphenyl carbazlde in an acidic solution. 
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3.3.1 Desorption of Hexavalent Chromium: 
The desorption studies were conducted by batch as 
well as column processes under similar conditions. 50 ml 
of the synthetic sample containing 40 mg L Cr{VI) was 
treated with 3.0 gms of adsorbent. The pH of the mixture 
was adjusted to 2 and it was allowed to remain in contact 
with adsorbent for 24 hours. The mixture was then filtered 
& filtrate was analysed for Cr(VI). The treated saw-dust 
was then transferred in another conical flask and treated 
for about 30 minutes with 50 ml of sodium hydroxide 
solution. It was again filtered and the desorbed Cr(VI) 
was determined in the filtrate. 
Column studies were conducted using 3 gms of 
phosphate treated saw dust packed in a 2.5 cm diameter 
glass column with glass wool support at the bottom of the 
columns. The material was washed with distilled water and 
then the 50 ml solution containing 2 mgs of Cr(VI) 
adjusted to pH-2 was passed through the column slowly. 
The Cr{VI) adsorbed was eluted with the .01 M sodium 
hydroxide solution. The flow rate of the effluent was 
maintained at 2 ml/minute throughout the elution process. 
The Cr(VI) eluted was collected in 10 ml fractions of the 
effluent and determined. 
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3.3.2 Recovery of Chromium (VI) From Electroplating 
Waste Water: 
The removal and recovery of Cr(VI) from electro-
plating waste water was carried out by batch as well as by 
column operations. 
50 ml of the electroplating waste containing 2.5 rog 
of Cr(VI) was taken in a conical flask and its pH was 
adjusted to 2. It was then treated with 3 gms of adsor-
bent. The removal & recovery of Cr(VI) was carried out as 
described for synthetic sample. In another experiment 50 
ml of the waste was taken in a beaker and pH was adjusted 
to 2- This solution was passed through a column contain-
ing 3 gms of absorbent and the removal and recovery of 
Cr(VI) was carried out as described for synthetic sam.ple. 
3.4 RESULTS AND DISCUSSION 
The adsorption of Cr(VI), Cu , Ni^"^ and Zn^ "^  on 
untreated and phosphate treated saw dust (PSD) at pH 7 are 
shown in Table 3.1. The adsorption of Cu , Zn and Ni 
on both these adsorbents show no significant change in 
their adsorption behaviour but a remarkable increase in 
the sorption capacity of Cr(VI) has been observed on PSD. 
3.4.1 Effect of Concentration of Cr(VI) upon Adsorption: 
The maximum % adsorption of Cr(VI} in neutral 
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tion of Cr(VI) is in the range of 16-32 mg L""*" . The % 
adsorption decreases to 50 % on either side of this 
concentration range as shown in Figure 3.1. 
3.4.2 Effect of pH upon Adsorption: 
The effect of pH on the adsorption of Cr(VI) on PSD 
is shown in Fig. 3.2. It is seen that pH of the solution 
plays very important role on the adsorption of Cr(VI). 
The % adsorption increases as the pH is lowered & reaches 
100 % at pH 2, for the solution containing 40 mg L of 
Cr(VI). The % adsorption decreases rapidly to 50 % when 
pH is increased above 3 and remains unaffected upto pH-7. 
However, % adsorption decreases further to 40 % when pH is 
increased above 7. The high adsorption capacity of Cr(VI) 
in the lower pH range has been observed by many authors 
for example, Sharma and Forster (1993) have reported 
maximum adsorption of Cr(VI) on moss Peat at pH 3, but 
total removal is not favoured below this pH. The possibi-
lity of the reduction of Cr(VI) to Cr{ III )^  because Cr(III) 
is weakly adsorbed in lower pH range. Huang and Wu 
(1977) has also demonstrated a similar adsorption 
behaviour of Cr(VI) on activated Carbon The maximum 
adsorption was observed at pH values 5-6 with decreasing 
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Phosphate treated saw dust (PSD) shows 100 % Cr(VI) 
removal at pH values equal to or less than 2.0 for 
solution containing chromium concentrations upto 50 mgL 
The 100 % removal of Cr(VI) at very low pH may be 
explained on the basis of ion exchange. Saw dust basica-
lly contains lignin and cellulose. The polar functional 
groups of lignin like aldehydes, ketones, alcohols, acids 
and phenolic hydroxides are involved in the formation of 
bonds with phosphates (Coullard, 1994). The complete 
removal of Cr(VI) in highly acidic solutions (pH < 2) by 
-3 -2 
PSD probably involves exchange of PO. ions by ^^2^^! 
-3 
ions since this experiment shows that 5 mg/50 ml of PO^ 
ions are released when one gm of PSD was treated with 50 
ml of Cr{VI) solution at pH 2. It is also interesting to 
note that when Cr{VI) was treated with 50 ml of 0.1 M 
disodium hydrogen phosphate solution alone at pH 2, Cr(VI) 
ions are not removed from the solution (when determined 
_3 
after filtration) showing that no interaction of PO. 
with Cr(VI) occurs at pH 2. 
3.4.3 Effect of PSD Doses on Adsorption 
The adsorption densities & % adsorption of Cr(VI) 
at different PSD doses are shown in Fig. 3.3. The % 
adsorption of Cr(VI) remains maximum (100 %) over a wide 
range of PSD doses at pH 2, but adsorption densities 
decreases from 10 mg g to 0.64 g when adsorbent dose 
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is increased from 0.2 gm to 3.0 gm. It is also inferred 
that adsorption density at pH-3 is lower 7.50 mg g~ than 
that observed at pH 2 for the same quantity of adsorbent 
(0.2 gms). However, at pH 3 the adsorption density 
decreases with the increase in adsorbent doses & reaches 
to a minimum value of 0.64 mg g at 3.0 gms of adsorbent; 
whereas the % adsorption increases and reaches a 
maximum value of 100 % & 96 % at pH values of 2 & 3 res-
pectively. Therefore, removal efficiency of Cr(VI) at pH 
2 is better than pH 3. 
It may be concluded that by increasing the adsor-
bent dose from 0.2 gm to 3.0 gm the removal efficiency 
^ncr_ases but adsorption density decreases. The decrease 
in adsorption density may be attributed to the fact that 
some of the adsorption sites remain unsaturated during the 
adsorption process; whereas the number of available 
adsorption sites increases by increasing the adsorbent 
doses & that results in the increase of removal efficiency 
(Sharma and Forster, 1993). 
This indicates that PSD can be used as an effective 
adsorbent for the treatment of electroplating waste 
containing higher concentrations of Cr(VI). 
The sorption data with varying amount of adsorbent 
have been analysed in the light of Langmuir and Freundlich 
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trates that PSD is an effective adsorbent for Cr(VI) at pH 
2. The correlation coefficient (r) was found to be 0.938 
which indicates a good positive relationship in the data 
and suggests the applicability of the Langmuir model. 
However the data does not follow the Freundlich model. 
3.4.4 Desorption Studies: 
The adsorption of Cr(VI) on PSD is highly pH 
dependent hence desorption of Cr(VI) is possible by 
controlling the pH. Figure 3.5 shows desorption trend of 
Cr(VI) by column operation. Cr(VI) is retained in the 
column as long as pH of solution is maintained at 2. The 
'"escrpt^ '^ n of Cr(VI) star^ -'^  when a solution of 0.01 M NaOH 
is passed through the column. However^ the desorption is 
slow and 84 % Cr(VI) could be eluted in 90 ml of effluent 
from the column as shown in Figure 3.5. The rate of 
desorption could not be increased by increasing the 
concentration of sodium hydroxide because PSD is decom-
posed when treated with 0.1 M NaOH. The desorption of 
Cr(VI) from the synthetic waste water containing 40 mg L~ 
of Cr(VI) by batch process was 90% as shown in Table 3.2. 
3.4.5 Recovery of Cr(VI) from Electroplating Waste: 
PSD was utilized for the removal and recovery of 
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as by batch process. The results of both operations were 
almost similar. The analysis of electroplating waste 
water collected from one of the electroplating industry in 
Aligarh was carried out in our laboratory and results are 
shown in Table 3.3. The removal of Cr(VI) from waste was 
100 % at pH 2 when 50 ml of the waste was treated with 3 
gms of adsorbent. The adsorbed Cr{VI) was then recovered 
with 0.01 M NaOH. These results are shown in Figure 3.6 
and Table 3.4. 
3.5 CONCLUSION 
Phosphate treated saw dust (PSD) shows remarkable 
adsorption capacity for Cr(VI) as compared to untreated 
saw dust in aqueous solution. 
Adsorption of Cr(VI) c SD is highly pH dependent. 
The maximum adsorption of Cr(VI) is observed at pH 2. The 
adsorption of CrCVI) remains maximum (100 %) even at pH 
less than 2. This may be due to the fact that some anion 
-3 
exchange mechanism is involved and PO. ions are 
-2 . 
exchanged by Cr_0^ ions. 
The adsorption densities in general decreases as 
the adsorbent dose is increased from 0.2 to 3 gms. 
However^ adsorption density at pH 2 is higher (10 mg g ) 
than that observed at pH 3 (7.5 mg g ) for the same 
quantity of adsorbent dose (0.2 gms). However, the % 
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adsorption remains maximuim (100 %) at pH 2 but at pH 3, 
the % adsorption increases from 75% to 96% only when 
adsorbent dose is increased from 0.2 to 3.0 gms showing 
that removal efficiency of Cr(VI) at pH 2 is better than 
pH 3. 
100 % removal of Cr(VI) from synthetic waste water 
as well as from actual electroplating waste containing 
50 mg L~ Cr(VI) could be achieved at pH 2. The adsorbed 
Chromium can be recovered by using 0.01 M NaOH solution. 
However, the recovery was 87%, and the results obtained 
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CHAPTER - 4 
ADSORPTION STUDIES ON PHOSPHATE TREATED SAW-DUST: SEPARA-
TION OF Cr(VI) FROM Zn^ "*", Ni^ "*" AND Cu^ '*' AND THEIR REMOVAL 
AND RECOVERY FROM ELECTROPLATING WASTE 
4.1 INTRODUCTION 
Industrial wastes have aggravated the problem of 
water pollution. This problem becomes complex because of 
the non-degradability of inorganic pollutants like heavy 
metals which are hazardous v/hen discharged into the water 
body. 
Electroplating industry is one of the major contri-
butors of heavy metal pollution in surface waters (Ajmal 
et al. 1993; Golomb, 1972). 
However, heavy metals produce undesirable effects 
on human and animal life even in low concentrations. Water 
pollution by heavy metals has only become acute in recent 
years because metal ions from natural/ domestic and 
industrial sources tend to concentrate in the organic 
residue at the sewage treatment works. In order to reach 
the full objective of "Zero pollution" immediate steps 
have to be taken to solve the problems by adopting alter-
native technologies. However, the removal of toxic metals 
from waste waters may be obtained in different ways as 
precipitation, ion exchange, adsorption, electrodeposition 
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etc. (Curry, 1972; Dean et al., 1972; Rouse, 1976). Most 
of these methods very often present problems as secondary 
polluting effects (reagents employed in strong excess) or 
high operational costs. In recent years the adsorption 
technique for the removal & recovery of heavy metals from 
waste water has received a great deal of attention. 
Activated carbon which is used as adsorbent for the 
removal of toxic metal ions is costly both to use and to 
regenerate. Therefore, there is a need for the low cost 
easily available materials which can be used for the 
removal of heavy metal ions economically from waste water. 
Attention has also been directed towards the use of 
low rank coals and related cellulosic materials for 
extraction of metals from solution (e.g.; Wesolowski & 
Ryczek, 1965; Ong and Swanson, 1966; Cullen et al. 1972; 
Altekar et al. 1974; Saha et al. 1977; Cullen et al. 1978 
and Cullen and Siviour, 1981). It has also been shown by 
Siviour et al. (1971) that Peat & Wood Saw-dust can be 
used in the same way as low rank coals to extract metals 
from solution, which could be expected because the func-
tional groups capable of ion exchange with metals are also 
contained in Peat (Coupal & Lalancette, 1976) and in Wood 
(McGinniss and Shapizadeh, 1980). 
Saw-dust, however, is a widely available and abun-
dant natural material. It has been reported to exhibit 
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ion-exchange and complexation capacities towards heavy 
metals (Begum Shakila, 1992 and Aval G. 1991). Iron 
impregnated Saw-dust was used for the removal of phenolic 
compounds from water (Singh and Mishra, 1990). 
In Chapter-3 it has been shown that phosphate 
treated saw-dust (PSD) exhibits remarkable adsorption 
behaviour for Cr(VI) as compared to untreated saw-dust & 
therefore, has been used for the removal and recovery of 
Cr(VI) from electroplating waste. 
This Chapter presents a detailed study on the 
2+ 2+ 2+ 
adsorption and recovery of Cu , Zn and Ni by 
Phosphate treated saw-dust from electroplating waste; and 
their separation from Cr(VI). 
4.2 MATERIALS AND METHODS 
4.2.1 Treatment of Saw dust: 
Saw dust of Mango tree (Mangifera indica) was 
seived (50-60 mesh) and washed several times with 
distilled water. It was then treated with 0.1 M aqueous 
solution of disodium hydrogen phosphate for 24 hrs• The 
material was then filtered and washed several times with 
distilled water till no phosphate is released in the 
washing. It was then dried at 40°C in an Oven. This 
material was used throughout the adsorption studies. 
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4.2.2 Chemicals 
The other chemicals used were of analytical grade. 
Stock solutions were prepared by dissolving required 
amount of Zinc chloride. Copper sulfate, Nickel nitrate 
2+ 2+ 
and Potassium dichromate in distilled water. Zn , Cu , 
. 2+ 
Ni and Cr(vi) were determined by atomic obsorption 
spectrophotometer using air-acetylene flame & Nitrous 
oxide-acetylene flame. 
4.2.3 Collection and Analysis of Electroplating Waste 
Water: 
Electroplating waste was collected from the outlet 
of one of the electroplating industry in Aligarh. The 
sample was collected at 5 p.m. in a polythene bottle 
rinsed with dilute HNO^ before collecting the sample. The 
amount of Cu , Ni and Zn was however, determined by 
atomic absorption spectrophotometer (GBC-902. Double Beam 
Atomic Absorption Spectrophotometer) using air acetylene 
flame, whereas Cr(VI) was determined with Nitrous oxide -
actylene flame. The sample was found to contain maximum 
concentration of heavy metals at 5 p .m. and this sample 
has been chosen for this study (Table- 4.2). 
4.2.4 Adsorption Studies: 
Adsorption studies were carried out by batch 
process at room temperature. 50 ml of the solution 
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containing required amount of metal ions was treated with 
1 gm of the adsorbent in a 250 ml conical flask. The 
mixture was filtered after a contact time of 24 hrs and 
the filtrate was analysed for final concentration of the 
metal ions. The amount of metal ions adsorbed was 
determined by subtracting the final concentration from the 
initial concentration. 
The effect of pH, concentration and adsorbent dose 
on the adsorption behaviour of various metal ions has also 
been studied. The pH of the solution was adjusted by 
adding a little hydrochloric acid or dilute sodium 
hydroxide solutions after adding the requisite amount of 
metal ions as described in Chapter 3. 
4.2.5 Removal and recovery of metal ions frcwn electro-
plating waste water and separation of Cr(VI) from 
„ 2+ „-2+ , „ 2+ Cu , Ni and Zn 
Removal & recovery of metal ions from electro-
2+ 2+ 2+ plating waste water containing Zn , Ni and Cu & 
Cr(VI) were achieved by column operations. Two columns 
were used for the purpose and 3.0 gms of phosphate treated 
saw dust was taken in each column with the help of the 
glass wool support. After washing the material, 50 ml of 
the electroplating waste water (pH-6.5) was passed through 
the first folumn th a flow rate of 2 ml mn . The 
effluent was collected in a beaker and tested for the un-
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adsorbed metal ions. The pH of the collected effluent was 
adjusted to 1.5 and it was passed through second column. 
The effluent collected from second column was again tested 
for Cr(VI), Zn , Ni and Cu . The recovery of Zn , 
2 + 2 + • • 
Ni and Cu from first column was carried out by passing 
0.01 M hydrochloric acid solution. The effluent was 
collected in 10 ml fractions and the concentrations of the 
metal ions were determined in each fraction by atomic 
absorption spectrophotometer. Recovery of Cr(VI) from 
second column was accomplished by passing 0.01 M sodium 
hydroxide solution. The effluent was collected in 10 ml 
fractions and determinations of the concentration of 
Cr(VI) made spectrophotometrically using carbazide method. 
4.3 RESULTS AND DISCUSSION 
2+ 2+ 2+ The sorption studies of Cr(VI), Zn , Ni and Cu 
on phosphate treated saw dust (PSD) at pH 7 are shown in 
Table 4.1. The sequence of adsorption of metal ions on 
PSD in neutral media follows the trend 
Zn^ "^  = Cu^ "*" > Ni^"^ > Cr(VI) 
This indicates that Zn^"^, Ni^"^ and Cu^^ are adsorbed 
equally on PSD whereas adsorption of Cr(VI) remains low in 
neutral medium. 
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Table 4.1 Adsorption of metal ions from aqueous solution 
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Table 4.2 Analysis of electroplating waste water collected 
from electroplating industry in Aligarh. 








4.3.1 Adsorption of Zn^ "*", Ni^ "*" and Cr(VI) 
2+ 2 + Adsorption behaviour of Zn and Ni from aqueous 
solution at pH 7 on PSD is found to be similar. The % 
adsorption of these ions is maximum (100 %) upto 10 mg 1 
of their initial concentrations in aqueous solutions. 
2 + 
When concentration is increased^ the % adsorption of Ni 
decreases to 83% and remains constant even up to 30 mg 1 
2+ 
of initial concentration. The % adsorption of Zn on the 
other hand remains high (100 %) upto 30 mg 1~ of initial 
2+ 
concentration of Zn and decreases only (86%) when con-
centration reaches to a value of 43 mg 1 . However, the 
2+ 2+ 
amount of Zn and Ni adsorbed increases linearly with 
the increase in initial concentration as shown in Fig. 4.1 
2+ It can be inferred that the amount of Zn adsorbed is 
2+ 2 + 
much higher than Cu , Ni and Cr(VI), when adsorbent, PSD 
is encountered with high initial concentrations of these 
ions in neutral aqueous solution. However, the % 
2+ 
adsorption of Ni is maximum (84 %) above pH 4 only and 
decreases to 65% when pH is reduced to 3. On the other 
hand the effect of pH is more pronounced on the adsorption 
2+ 2+ 
of Zn . The % adsorption of Zn is maximum (86 %) only 
2 + 
above pH 6, but decreases more rapidly than Ni with the 
decrease in pH- Whereas the % adsorption of Cr(VI) is only 
67% at the initial Cr(VI) concentration of 16 mg L~"^  and 
decreases to a value of 50% on either side of this concen-
tration. The data, however, reveals that adsorption of 
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2+ 2+ Ni and Zn in neutral media remains above 80% even upto 
the initial concentration of 40 mg L~ . The adsorption of 
Cr(VI), Cu^ "*", Zn^ "*" and Ni are highly pH dependent as 
shown in Fig. 4.2 The % adsorption of Cr(VI) is only 50% 
in neutral medium but increases and reaches to 100 % when 
pH is reduced to 2. 
2+ 4.3.2 Adsorption of Cu 
The effect of initial concentrations of metal ions 
on the adsorption at pH 7 is shown in Fig. 4.1. The % 
2 + 
adsorption of Cu is maximum (100 %) at very low initial 
concentrations, (3 mg L ) and decreases as the concen-
2+ tration of Cu is increased, but when the initial concen-
-1 2 + 
tration is above 5 mg L , the % adsorption of Cu 
becomes constant (86 % ) . Fig. 4.2 shows that 80% adsorp-
2+ . tion of Cu IS obtained m the pH range 2-5 but when pH 
is increased above 5, adsorption increases and reaches to 
a maximum value of 86% in the pH range 6-7. However, 
further increase in pH results with the decrease of % 
adsorption. It may be concluded that % adsorption of Cu^ "*" 
remains 80% over a pH range of 2-8. 
4.3.3 Effect of PSD doses on adsorption 
The adsorption densities and % adsorption of 
Ni , Cu and Zn at different PSD doses are shown in 
i . ' 179 
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2 + Fig. 4.3. The adsorption density of Zn is observed to 
be maximum (6.6 mg g~ ) at pH 7 but decreases to 0.88 mg 
g~ when PSD dose is increased from 0.2 gm to 3.0 gms, 
whereas the % adsorption increases from 46% to 94%. 
2+ Similar trend has also been observed m case of Ni and 
2+ . Cu m neutral media. 
It can be inferred that by increasing the adsorbent 
dose from 0.2 gm to 3.0 gms, the removal efficiency 
increases in all cases but adsorption density decreases. 
The decrease in adsorption density may be attributed to 
the fact that some of the adsorption sites remain unsatu-
rated during the adsorption process, whereas the number of 
available adsorption sites increases by increasing the 
adsorbent doses and that result in the increase of removal 
efficiency (Sharma and Forster 1993). The adsorption 
2+ -1 
density of Zn is observed to be maximum (6.65 mg g ), 
followed by Ni "'' ( 4 mg g~ ) and Cu (0.7 mg g~ ) . This 
indicates that PSD can be used as an effective adsorbent 
and higher treatment efficiencies can be accomplished for 
2+ 2+ higher concentrations of Zn , Ni and low concentrations 
of Cu^^. 
The sorption data have been analysed in the light 
of Langmuir and Freundlich adsorption models. The linear 
plots of ^ Vs 1/c suggest the applicability of the 
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Fig. 4.4. However, Freundlich adsorption isotherm is not 
2+ followed by each system. The adsorption of Cu on the 
other hand does neither follow Langmuir nor Freundlich 
models in the present concentration range. 
2+ 2+ 2+ 4.3.4 Separation of Cr(VI) frcxn Zn , Ni and Cu and 
their removal and recovery from electroplating wa ste 
The applicability of PSD has been demonstrated by 
2+ 2+ 2+ 
achieving separation of Cr(VI) from Zn , Ni and Cu ; 
and their removal & recovery from electroplating waste 
2+ 2+ 2+ 
water. The adsorption of Cr(VI), Zn , Ni and CJ on 
PSD are highly pH dependent, hence their desorption is 
possible by controlling pH. It is observed that Cr(VI) 
2+ 2+ 2+ follows a different trend than Zn , Ni and Cu present 
2+ 2 + 
m the waste. The studies reveal that Zn , Ni and 
2 + 
Cu are adsorbed completely at pH 7, whereas Cr(VI) comes 
out in to the effluent. Cr(VI) is only adsorbed at pH 
1.5-2 completely. Hence, Cr(VI) can be separated from 
other metal ions present in the waste by controlling pH. 
Fig. 4.5 shows desorption trend of Cr(VI) and other metal 
ions by column operation. Zn , Ni and Cu^ "*^  are 
retained in the column as long as pH of the solution is 
maintained at 7, but Cr(VI) comes out in the effluent and 
its pH is adjusted to 1.5-2 and passed into another 
column. However, the desorption of Zn^ "*", Cu^ "*" and Ni^ "*" in 
the first column starts when a solution of 0.01 M HCl is 
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Fig.4.A- Langmuir adsorption isotherms 
at 25 C 
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passed through the column. By this way 100 % recovery of 
Zn'^"'', Ni^ "*" and Cu could be made in 30 ml of the effluent 
from the column as shown in Fig. 4.5. Similarly Cr(VI) 
can be recovered from 2nd column by passing 0.01 M NaOH 
(Fig. 4.5). Thus Cr(VI) can be separated from the mixture 
of Zn^ "^ , Ni^ "*" and Cu^ "^ . But Zn """j Ni "*" and Cu "*" could not 
be separated from each other. However, the mixture of 
these ions can be concentrated and then can be separated 
by precipitation or by other conventional methods. 
4.4 CONCLUSION 
2+ .2+ 2+ . The % adsorption of Zn , Ni and Cu is maximum 
in neutral media. The % adsorption of these ions remains 
80% even upto their initial concentration of 30 mg L 
However, the % adsorption of Cr(VI) is much lower, in 
neutral medium. 
The adsorption of these ions is highly pH depen-
dent. Maximum adsorption of Zn , Ni and Cu^ "*" is 
observed at pH 7-8, whereas the % adsorption of Cr(VI) 
increases as the pH is decreased. The adsorption of the 
metal ions follow the trend at various pH's 
pH 7 = Cu^ "*" > Zn^ "^  = Ni^^ >> Cr(VI) 
pH 2 = Cr(VI) >> Cu^ "^  > Ni^ "^  > Zn^ "^  
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It can therefore be inferred that these ions can be 
adsorbed and desorbed selectively by varying the pH of the 
medium. 
2+ 2+ 
The adsorption densities of Cr{VI), Cu , Ni and 
Zn decreases by increasing the adsorbent dose whereas 
the % adsorption increases thereby increasing the removal 
efficiency. 
The sorption data suggest the applicability of 
2+ . 2+ Langmuir adsorption isotherm for Zn , Ni & Cr(VI). 
Freundlich adsorption isotherm is not followed by each of 
2+ the systems. However, Cu on the other hand does follow 
neither of the above isotherms in the present concentra-
tion range. 
2+ The studies by column operations reveal that Cu , 
. 2 + 2 + Ni and Zn are retained m the column at pH 7 leaving 
Cr(VI) in the effluent. However, Cr(VI) could be retained 
(100 % ) , if the pH of the effluent is adjusted to 1.5-2 
and then passed through another column. 
The recovery of the retained metal ions Zn , Ni 
2+ . 
and Cu in the first column is accomplished by passing 
O.OIM HCl and recovery of Cr(VI) in 2nd column is achieved 
with 0.01 M NaOH. Cr(VI) therefore, can be separated from 
2+ 2+ 2+ 
a mixture of Cu , Ni and Zn present in electroplat-
ing waste. 
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The method can successfully be used for the 
separation of Cr(VI) from Zn , Ni and Cu and their 
removal and recovery from electroplating waste water. 
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CHAPTER - 5 
REMOVAL OF HEAVY METALS FROM ELECTROPLATING WASTE WATER 
DSING WOOD ASH 
5.1 INTRODUCTION 
The improper disposal of the metal bearing indus-
trial wastes pollutes the surface water. For many years 
attention has been paid to the development of methods for 
the removal of heavy metals from waste water arising from 
industrial operations, particularly in the treatment of 
mine drainage waters, spent solutions or effluents from 
extractive metallurgy processes, electroplating plants and 
other metal treatment or finishing operations. Conven-
tional methods of heavy metal treatment in general perform 
satisfactorily to meet direct discharge requirements. 
Precipitation is the most common method for the removal of 
heavy metals from wastewater on the basis of its perfor-
mance, ease of operation and cost. Other available 
methods include conventional ion-exchange, adsorption, 
dialysis and electrodialysis, electrolytic extraction, 
reverse osmosis and evaporation; but many of them are used 
in special circumstances because of their relatively high 
cost. 
Adsorption at solid solution interface is an 
important means for controlling extent of heavy metal 
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pollution due to industrial effluents [ Elliot and Huang , 
1981; Krauskopf, 1956, Pandey et al., 1982; Huang et al., 
1977; Ajmal et al., 1993; Ajmal et al., 1995; Ajmal et al. 
1995 (in press)]. However not by the free metal concen-
tration [M aq] but by the concentration of inorganic-
organic metal complexes, such adsorption seems to be 
controlled (Stumm and Bilinski, 1972; Elliot, 1979). 
Metals are often bound as complexes in natural waters and 
waste water streams. A small number of metal adsorption 
studies for complex formation by the inclusion of metal-
binding ligands have been carried out (Leckie and James, 
1974; Davis and Leckie, 1978; Elliot, 1979). 
Most of the research reports on the adsorption 
capacity of fly ash for metal ions (Pandey et al. , 1985; 
Yadava, et al., 1987; Chu, et al. , 1978; Alberts et al. , 
1988; Evan et al. , 1993). However, wood ash is a solid 
waste produced in large quantities by burning of wood and 
its huge deposit poses problems in its disposal. As there 
is only one study reported on the removal of Hg(II) from 
aqueous soluiton using rice husk ash (Tiwari & Singh, 
1995). Therefore > efforts have been made to study its 
ability to remove cations from water and wastewater. 
The present work focus principally on the poten-
tial use of wood ash for the extraction of heavy metals 
2+ 2+ . 2+ 
such as Zn , Cu , Ni and Cr(VI) from wastewater and 
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electroplating waste at different concentrations, pH and 
various doses of wood ash. 
5.2 MATERIALS 
Wood ash was obtained after burning wood. It was 
seived through 53 ^ seive, washed several times with 
distilled water and then dried at 40°C. This material was 
used throughout the studies. 
2+ 2+ 2+ Stock solutions of Cu , Zn , Ni and Cr(VI) were 
prepared by dissolving the required quantity of their 
salts in distilled water. Synthetic waste water sample of 
various metal ions was prepared by diluting the calculated 
volumes of stock solutions in one litre of distilled 
water. 
An Elico pH meter was used for measuring pH. 
Spectrophotometric measurements were made using Elico SL 
151, UV-Vis Spectrophotometer. The analysis of metal ions 
in electroplating waste sample was carried out using a 
double beam atomic absorption Spectrophotometer Model 
GBC 902. 
5.3 EXPERIMENTAL METHODS 
5.3.1 Effect of Concentration: 
Batch experiments were carried out by shaking 1.0 
gm of wood ash with 50 ml aqueous solutions of metal ions 
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of desired concentrations in different polythene bottles. 
After the contact time of 24 hours, the solution was 
filtered and the filtrate was subsequently, analyzed for 
its metal ion content following standard method (N.H. 
Furman, 1962). The amount of metal ions removed was then 
calculated by subtracting the final concentration from 
initial concentration. 
5.3.2 Effect of pH: 
The intial pH of the solution was adjusted by 
adding dilute HCl solution using pH meter. 50 ml of this 
solution containing desired quantity of metal ions was 
then treated with 1.0 gm of wood ash and the metal ions 
removed were then determined after 24 hours. 
5.3.3 Effect of wood ash dosage: 
Studies were carried out by varying amounts of wood 
ash in metal bearing aqueous solutions. Initial and 
final pH of the solution was also measured in each case. 
A known amount of wood ash was treated with 50 ml solution 
containing desired concentration of metal ions. The 
amount of metal ions removed was determined by standard 
mcLhods aftor 24 hours. 
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5.'^ .4 Determination of alkalinity: 
1.0 gm of wood ash was treated with 50 ml of 
distilled water for 24 hours. The solution was then 
filtered and the filtrate was subsequently analyzed for 
amount of alkalinity by titrating it with standard H2S0^ 
solution using phenolphthalein and methyl orange 
indicators. The amount of CO- and HCO^" released were 
then calculated . 
5.3.5 RCTioval of Cu^^, Zn^ "*" and Ni '*' from electroplating 
waste water: 
Electroplating wastewater was collected from 
electroplating industry in Aligarh (India). It was then 
analysed for various heavy metals. 50 ml of the same 
sample was then treated with 1.0 gm of the wood ash in a 
conical flask for 24 hours. The metal ions removed from 
the sample were then determined with the help of atomic 
absorption spectrophotometer using air-acetylene or 
Nitrous oxide acetylene flame. 
5.4 RESULTS AND DISCDSSION 
5.4.1 Effect of concentration: 
It is clear from Table 5.1 that maximum removal 
(100 %) of Cu , Ni "^  and Zn^ "*" occurs with wood ash in 
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Table 5.1 
Effect of concentration on the removal of metal ions 







































































































































































































































































































neutral medium, whereas removal of Cr(VI) is insigni-
2+ 2+ 2+ ficant. The removal of Cu , Ni and Zn remains 
maximum (100 %) even if their initial concentration is 
increased to a considerable extent. Table 5.1 shows that 
2+ 100 % removal of Cu is possible from a solution with an 
initial concentration ranging from 10 mg L to 450 mgL 
2+ 2+ Ni and Zn on the other hand can be removed completely 
from a solution having their initial concentration upto 
200 mgL~ . The extraction of Cr(VI) remains insignificant 
even if its initial concentration is increased from 
5 mgL to as high as 500 mgL . Wood ash therefore^ acts 
2+ 2+ 2+ 
as a medium for extraction of Cu , Ni and Zn as large 
a'T^ ounts of these metal ions can effectively be removed 
from wastewater and electroplating wastewater without 
adjustment of pH. 
5.4.2 Effect of pH and wood ash dosage: 
2+ 2+ The effect of pH on the extraction of Cu , Ni , 
2+ 
Zn and Cr(VI) is shown in Table 5.2. 100% removal of 
2+ 2+ 2+ Cu , Ni and Zn is observed when initial pH of the 
solution is varied from 2 to 5. But, when pH was adjusted 
2+ 2+ to 1.0 practically no removal of Cu , Ni occured; 
2 + 
whereas removal of Zn remains 100% even at pH-1. 
However, the extraction of Cr(VI) still remains insigni-
ficant over the entire pH range (1-9.2). 
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2+ „.2+ 
The pH of the solution after removal of Cu , Ni 
2 + 
and Zn (final pH) has also been measured. It is 
important to note that when Initial pH of the solution is 
adjusted to 1.0 then no significant change in the final pH 
is noticed (Table 5.2) even after 24 hrs; but when initial 
pH is adjusted to > 2 then pH increases to a value as high 
as 9-9.3 (Table 5.2). This behaviour of wood ash suggests 
that some alkaline substances are released into the 
soution and can account for the increase in final pH. 
Olenders and Steenari (1993) have shown that wood ash 
obtained at 400°C from a fixed bed furnace contains CaCO-
along with K, Ca silicate, Ca^ Mg silicate and carbon 
silicate. 
It is observed that wood ash when obtained simply 
by burning the wood contains CaCO_ and releases CO^ ions 
after treating with water and thus increases the final pH 
of the solution. It is clear from the experiment that the 
amount of CO- and HCO~ released from 1.0 gm of wood ash 
(after 24 hrs) are 417 mgL and 28 mgL respectively. 
When initial pH is adjusted to 1.0 then alkaline 
substances released from wood ash are neutralized by acid 
and therefore, no significant change in final pH is 
2+ 2+ 
occured and hence , no removal of Cu and Ni is 
noticed because of the presence of excess acid. However, 
2+ 
maximum removal (100 %) of Zn even at pH. 1 can account 
2+ for some specific interaction of Zn with wood ash. 
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Table 5.2 
Effect of pH on the removal of metal ions from 


































































































^1 O ^ oI 
The removal of Cu , Ni and Zn from the 
solution may proceed either due to the formation of their 
respective insoluble carbonates or most probably the 
reaction may proceed as 
CO- + 2H2O > H2CO- + 20H' 
M^ "^  + 20H > M (OH) 2 
The high concentration of CO^ ions may be helpful to 
provide OH~ions, and metal ions are therefore removed in 
the form of their respective insoluble hydroxides. If 
this phenomenon is considered then decrease in final pH 
with the increase in initial concentration of metal ions 
is expected (since more & more OH ions will be removed 
from the solution) . This is in good agreement with this 
experiment as final pH of the solution decreases as the 
initial concentration of metal ions is increased (Table 
5.1). Besides, by decreasing the doses of wood ash, the 
final pH of the solution decreases (Table 5.3). However, 
2+ 2+ Table 5.4 shows the solubility products of Cu , Ni and 
2 + 
Zn hydroxides and their carbonates along with their 
maximum amount that can be removed completely from the 
solution. It is clear from the table that maximum removal 
2+ -1 
of Cu (450 mgL ) is achieved from the solution followed 
2+ 2+ 
by Zn and Ni . This may be attributed to the lower 
solubility product of Cu(0H)2 ^^^^ ^^^^ ^^^ ^^^^ 
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2+ 2 + hydroxides. The solubility products of Ni and Zn 
carbonates are much higher than their respective hydro-
xides, therefore;, it is more likely that presence of 
carbonate ions in the solution help in the formation of 
insoluble metal hydroxides and thus are removed. Since 
2+ 2+ 2+ the higher concentrations of Cu , Ni and Zn can be 
removed due to the formation of their respective insoluble 
hydroxide, whereas their limiting value (limiting to the 
solubility of their hydroxides) is removed by adsorption, 
2+ 
as is evident from the data that Ni is completely 
removed from the solution irrespective of the fact that 
Ni{OH)„ and NiCO^ have very high value of solubility 
products. It can therefore, be inferred that both preci-
pitation and adsorption processes are accounted for the 
complete removal of metal ions from lower initial concen-
tration as well as higher initial concentration of these 
ions. 
The effect of various doses of wood ash upon the 
removal of these metal ions is shown in Table 5.3. It is 
evident that 0.2 gm of wood ash would be required for the 
2+ 
complete removal of Cu from a solution with an initial 
concentration of 200 mgL , whereas a higher quantity 
(2.0 gm) of the same material is needed for the complete 
2+ 2+ 
removal of Zn and Ni with an initial concentrations of 
200 mgL . Table 5.5 summarizes the removal of Cu , Ni^ "*", 
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Table 5.3 
Effect of various doses of wood ash on the % removal of 


































































































































Relation between the solubility product constant and the 
% removal of metal ions by wood ash in neutral solution 
Compound Solubility product Amount of metal 
constant 100% removed by 
KSP / gm 1~ 1.0 gm wood ash mg/1 
mg/50 ml 
Cu(0H)2 ig-SxlO"-*-^  22.5 450 
Zn(0H)2 ig.SxlO"-"--^  10.0 200 
ZnCO^ 3.7x10" 
NiCO^ 92.5x10" 
Ni(OH)^ 12.7x10"^ 10 200 
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2 + Zn and Cr(VI) in highly acidic solution (0.68 HCl) by 
2 + 
wood ash. It is concluded that Zn can be removed effec-
tively even from highly acidic electroplating waste water. 
2+ 2+ 2 + However, complete removal of Cu , Ni , Zn can be 
achieved from a solution ranging from 10 mgL to as high as 
200 mgL in neutral media. 
The analytical applicability of wood ash has been 
demonstrated by removing heavy metals from electroplating 
waste water. Table 5.6 shows the characteristics of 
2+ 2+ 
electroplating waste water. 100 % removal of Cu , Ni 
2 + 
and Zn is accomplished from this solution when treated 
with 1.0 gm of wood ash. 
Table 5.5 
2+ Removal of Zn from synthetic wastB water in acidic mediiun 
{0.68N HCl) by wood ash 
Amount of wood ash = 1.0 gm. 
Amount of metal solution = 50 ml 
Metal 
































2+ 2+ 2+ Removal of Cu , Ni and Zn from electroplating 
waste water using wood ash in neutral medium 
Amount of wood ash = 1.0 gm. 
Amount of solution treated - 50 ml. 
Metal ions Cone. Amount of metal ions found after 













Wood ash is a solid waste produced in large 
quantity in India by burning of wood. It can be used as 
2+ tne most economical adsorbent for the removal of Cu , 
2+ 2+ Ni and Zn from effluents of electroplating industry 
and other common effluent treatment plants. The high 
removal efficiency (100 %) of these heavy metals with wood 
ash from unbuffered solution is significant^ because pH 
adjustment of the effluent will not be required if wood 
2+ 2+ 2+ 
ash is to be used for Cu , Ni and Zn removal on an 
industrial basis. Another significant feature is that a 
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very large concentration range (10-450 mgL ) of Cu and 
(10-200 mg L ~ ) of both Zn and Ni can be removed 
completely from the waste water • wood ash exhibits 
alkaline properties in aqueous solution. It has been 
observed that sufficient amount of C0_ (417 mgL gm ) 
and HCO^~ (28 mgL gm" ) ions are released when it is 
treated with distilled water. It can therefore^ be 
2+ .2+ 2+ . inferred that large quantities of Cu , Ni and Zn ions 
are removed either by the formation of their respective 
carbonates or more likely as metal hydroxides whereas 
their limiting value (limited to the solubility products 
of their hydroxides) is removed by adsorption on wood ash. 
It has also been observed that final pH of the solution 
decreases by increasing the concentration of metal ions. 
The final pH also decreases when wood ash dose is reduced. 
This can be accounted for more and more hydroxide ions 
are removed from the solution in the form of metal 
hydroxides as the initial concentration of metal ions is 
grdually increased. However, removal of Cr(VI) remains 
insignificant even if the initial concentration is 
increased from 5 mgL to as high as 500 mgL suggesting 
its inability to form insoluble carbonate or hydroxide in 
hexavalent state and therefore adsorption behaviour of 
Cr(VI) could not be studied in detail. 
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The efficiency of wood ash has been demonstrated by 
2+ 2+ 2+ 
removing Cu , Ni and Zn completely from electro-
plating waste water. Apart from that, the material 
2 + 
removes Zn effectively, from highly acidic (0.85N HCl) 
synthetic waste water. 
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CONCLUSION AND FUTURE PERSPECTIVES 
The use of the economically viable adsorbents such 
as pyrolusite, phosphate treated saw-dust and wood-ash for 
treatment of waste-water may be of interest to small and 
medium communities. Initial construction and operational 
costs of conventional waste water treatment plants are the 
most significant factors in the selection of process 
technology. The cost to small and medium size communities 
for achieving the same level of waste water treatment as 
large communities using standard technology is dispropor-
tionately high. 
The above materials have proven successful in the 
removal of heavy metals from synthetic waste-water and 
electroplating waste water. The heavy metals may be 
removed by process of adsorption followed by filtration, 
due to the porous and polar characteristics of these 
materials (Pyrolusite and phosphate treated saw dust). 
Adsorption is principally accomplished through ion-
exchange and/or the formation of complexes and chelation. 
These processes are dependent on the nature of the 
adsorbents, the properties of the heavy metals and the 
prevailing conditions. 
The advantages of the aforesaid materials such as 
pyrolusite, phosphate treated saw-dust and wood-ash for 
211 
the treatment of waste-waters have raised the possibility 
of using natural ecosystems for this purpose. It is 
therefore, suggested that these natural substances offer 
an inexpensive alternative to advanced treatment plants. 
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